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10.1 AOC 671, Metering House, (Former Building 39056) 

AOC 671 is a former metering house, Building 3905G, and two associated 25,000-gallon concrete 

USTs. The metering house and tanks were constructed in 1944 and used to store aviation gasoline 

until 1966. The area is currently an unused asphalt parking lot between Piers Q and R. Two 

raised circular areas in the asphalt are thought to represent the locations of the USTs. The lack 

of information documenting removal of these USTs and the surface expression suggest that the 

USTs are stiIl in place. A concrete foundation along Hobson Avenue is all that remains of 

Building 39056. No previous investigations or remedial actions have been documented for 

AOC 671. 

Materials of concern identified in the approved final RFI work plan include VOCs, petroleum 

hydrocarbons, and heavy metals. Potential receptors include current or future site workers who 

may be involved in invasive activities that might bring them in direct contact with subsurface 

contaminants. The ecology of the Cooper River is also a potential receptor. 

To fulfill the CSI objectives and confirm the presence of any contamination from onsite activities, 

soil and groundwater were sampled in accordance with the final RFI work plan and Section 3 of 

this report. In addition to the proposed soil samples, two additional borings were advanced to help 

define the extent of PCBsIpesticides in site soils. 

10.1.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 671 at locations shown on Figure 10.1.1. The final RFI 

work plan proposed advancing eight soil borings during the initial sampling and collecting samples 

from both the upper and lower-intervals. Eight proposed upper-interval samples and seven of the 

eight proposed lower-interval samples were collected. The lower-interval sample from location 

671SB003 was not collected because the water table was encountered at Iess than 5 feet bgs. All 

first-round samples were analyzed at DQO Level III for VOCs, SVOCs, pesticidesIPCBs, cyanide, 
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and metals. Two samples selected as duplicates were analyzed at DQO Level IV for Appendix IX 

analytical parameters, Four first-round soil borings (upper and lower-intervals) were analyzed for 

organotins. Two additional second-round samples were collected to determine the extent of 

pesticides detected in the initial sampling. Table 10.1.1 summarizes the two rounds of soil 

sampling. 

Grid-based soil boring (GDISB017) was advanced in the AOC 671 area as shown in 

Figure 10.1.1. Upper and lower-interval samples from this boring were analyzed for the standard 

suite of parameters. Results of these analyses are presented in the nature and extent discussion 

of AOC 671 and presented in Appendix D. 

10.1.2 Nature and Extent of Contamination in Soil 

Organic compound analytical data for soil are summarized in Table 10.1.2. Inorganic analytical 

data for soil are summarized in Table 10.1.3. Table 10.1.4 summarizes all analytes detected in 

soil at AOC 671. Appendix D contains the complete analytical data report for all samples 

collected in Zone I. 

Volatile Organic Compounds in Soil 

Three VOCs were detected in surface soil at AOC 671, but at concentrations far below their 

RBCs: acetone, acetonitrile, and toluene. Acetone and toluene were also detected in subsurface 

soil also at concentrations far below their respective SSLs. 

The VOCs acetone and toluene were detected in surface soil at grid soil boring GDISB017. 

Acetone was detected in surface soil sample GDISB01701 at 62 pglkg and toIuene was detected 

in this sample at 3 pglkg. 
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Table 10.1.1 
AOC 671 

soil *PU summnry 

~ P W  W P l W  Spmples 
Round Date Collected h p l e  Analyses Comments 

1 M/20/95 Upper - 8 (8) Standard Suite Qrgmtim were analyzed on four 
&!/21195 Orgamtins upper-interval swpfcs (67lSB0050I h u g h  
Mf27f95 671SB00801) far site chamadzation. 

Lower -7 (8) Staadard Suite, One lwer-inowval q l e  (671S300302) was 
Orgamins not dlmed due to a wafcr table less than 

5 fwt bgs. Orpotins were eoalyzcd on four 
lower-intawal m@es (671SBWOZ through 
5715B008W) for site charauctization. 

J h p h r ~ - 2  AppcndixIX 671Cff0020~16?ICBOD501 

2 0612 1 I95 Upper - 2 Pesticides and PCBs Physical m e t e r s  collected at boring 
091 19195 Upper - 1 Physical Parameters location 67 1SBDM01. 

Noles: 
( )  = Parentheses indicak number of samples proposed. 
Standard Suite = VOCs, SVOCs, metals. cyanide, pesticides, and PCBs at DQO Level 111. 
Appendix M = Standard suite, plus hexctuome, dioxins, herbicides, and OP pesticides at DQO Level N. 
Physical parameters analyses included CEC, chloride, sulfur, ammonia, nitratelnitrite, phosphoms. TOC and total moisture. 

Table 10.1.2 
AOC 671 

Organic Compouud Analytical Results lor Soil (rglLg) 

Number of 
Snmples 

Sample Detection RBC (upper) Ek=eding 
Parameters 

Volatile Organic Compounds 

Acetone w-Vcr 318 21.0 - 31.0 26.7 780.000 0 
tower 2/7 33.0 - 35.0 34.5 8,000 0 

Upper 118 130 130 47.000 0 
Lower 017 ND ND 440 0  

Toluene upper 51% 2.0 - 13.0 4.7 1,600.000 0 
h e r  417 2.0 - 12.0 5.8 6.000 0 

Semivolatile Orgpnic Compounds 

BEQs Upper 1 I8 1,088 1,088 87 1 
Lower 017 NA N A NA N A 

Benzo(a)anthracene Upper 118 1,600 1.600 870 I 
Lower 017 ND ND 800 0 
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Table 10.1.2 
AOC 671 

Organic Compound Analjtkd Resub for Soil (pg/Lg) 

Number of 
Samples 

Sample Detection RBC (upper) Exceeding 
Parameters Intenal Frequency Detection Range Mean SSL flower) R3C or SSL 

Benzo(a)pyrene up~er 118 690 690 87 1 
Lower On ND MD 4,000 0 

Benzo(b)fluoranthene Upper 118 1.270 1,270 870 1 
Lower Ofl ND ND 2.500 0 

3uuaOr)fl- upp~r t /8  1,4243 f ,420 8.700 0 
Lower 017 M) ND 25,000 0 

Upper 118 1.305 1,305 87.000 0 
Lower On ND ND 80.000 0 

Dibenz(~h)anthractna Upper 1 8  70.0 70.0 87 0 
Lower W7 ND ND 800 0 

Indeno(l.2.3-cd)pyrene Upper 118 260 260 870 0 
Lower 017 ND ND 7,000 0 

Accnaphthene 1 I8 975 925 470.000 0 
Lower Of7 ND ND 290.000 0 

UPF~ 118 3,020 3.020 2.300.000 0 
Lower 017 ND ND 5.900.000 0 

Berao(g.h,i)ptr~lene Upper 118 235 235 310.000 0 
Lower On ND ND 1.2E+O& 0 

bis(2-Ethy1hexyl)phthlatc (BEHP) Upper Of8 ND ND 46,m 0 
Lower 1fl 76.0 76.0 1,800,000 0 

Upper 118 1,225 1,225 31.000 0 
Lower 017 ND ND 68.000 0 

Fluoranthene Upper 3/8 38.0 - 6,400 2.170 3 L0.000 0 
Lower ~n 1 10 tto 2,100,000 o 

upper 118 2.160 2.160 310.000 0 
Lower 017 ND ND 280.000 0 

Upper 118 58.0 58.0 310,000 0 
Lower Ofl ND ND 230,000 0 

Naphthalene U P F ~  11'8 59.0 59.0 310.000 0 
Lower On ND ND 42.000 0 
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Table 10.1.2 
AOC 671 

Orgnnic Compound Analytical R d t s  for Soil (IrglLg) 

Number of 
samples 

Sample Detection RBC (upper) Exceeding 
Parameters 

N-Nitrosodhethylamine Upper 018 ND ND 13.0 0 
Lower l n  52.0 52.0 0.0026 1 

a - N i t r o d i - ~ p p y l a m i n c  upper 11% 340 340 91 1 
Lower W7 ND ND 0.M3 0 

Phenanthrene U P F ~  118 8,900 8,900 230.000 0 
Lower 0 n  ND ND m,OOo 0 

4,4'.DDD UP 61 10 4.8 -430 86.4 2.flX) 0 
Lower 2/7 19.0 - 60.0 39.5 8 , m  0 

Upper 5/10 120 - 490 278 1.m 0 
Lower 217 11.0 - 160 85.5 27.000 0 

4.4'-DDT up~et 31 I0 9.5 - 21.0 15.5 I.900 0 
Lower Q17 ND ND 16.000 0 

Dieldrin Upper 2/10 0.19 - 4.6 2.4 40 0 
Lower On ND ND 2 0 

Edosulfan 1 Upper 310  1.9 -2 .6  2.3 47 ,000 0 
Lower W7 ND ND 9.000 0 

Endosulfan sulfate Upper 2/10 0.33 - 0.55 0.44 47.000 0 
Lower 017 ND ND 4.600 0 

Endrin Upper 2/10 0.14 - 2.7 1.4 2,300 0 
Lower On ND ND 5W 0 

Endrin aldehyde U P P ~  3/10 0.78 - 2.1 1.5 2.300 0 
Lower 217 1.8 - 16.0 8.9 340 0 

Hepmchlor epoxide Upper 2/10 7.9 - 8.7 8.3 70 0 
Lower On ND ND 330 0 

U P P ~ ~  1/10 0.17 0.17 100 0 
Lower 017 ND ND 0.25 0 

beta-BHC 1/10 20.0 20.0 350 0 
tower 0l7 ND ND 1.3 0 

delta-BHC U P P ~ ~  1110 0.59 0.59 350 0 
Lower 017 ND ND 1.8 0 
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Table 10.1.2 
AOC 671 

Organic Compound Analytical Results for Soil Jkg) 

Number of 
Samples 

Sample Detection RBC (upper) Exceeding 
Parameters Interval Frequency Detection Range Mean SSL (lower) RBC or SSL 

Dioxin Compounds and Organotins 

TEQs ' Upper 212 2.13E-04 - 2.10E03 t . l a 4 3  4.3E-03 0 
Lower W0 NA NA 1.6 0 

Upper 1 12 2.41E43 2.4lE-03 0.043 0 
Lower 010 N A N A 4.1 0 

OCDD Upper 212 0.083 - 0.259 0.171 4.30 0 
Lower 010 NA N A 1.080 0 

123478-HxCDF U W ~  f 12 3.5E03 3.5E-03 0.043 0 
Lower 010 NA N A 216 0 

Upper 112 2.76843 2.76843 0.043 0 
Lower 010 N A N A 216 0 

12378PHxCDF upper 112 4.74E-03 4.74E43 0.043 0 
Lower WO N A N A 216 0 

Upper 112 1.87E-03 1.87843 0.043 0 
Lower 010 N A N A 216 0 

1234678-HpCDF U W ~  2/2 1.dSE-03 - 8.34E-03 4.91E43 0.430 0 
Lower WO NA N A 54 0 

OCDF Upper 212 2.86E43 - 0.01 19 7.40E-03 4.30 0 
Lower 010 N A N A 540 0 

Tetrabutyltin Upper 314 5.88 - 117.2 49.31 2.300 0 
Lower 214 320 - 92.01 47.61 m 0 

Notes: 
NA = Not ApplicablelNot AvailablelNot Analyzed 
ND = Not DetectedJNot Determined 
NL = Not Listed 
pglkg = micrograms per lulognrn 
See Table 5.5 for organic compound screening concentrations and their sources. 
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These detections were far below their respective RBCs. VOCs were not detected in subsurface 

soil sample GDISB01702. Appendix D contains the complete analytical data report for all 

grid-based soil samples collected at Zone I. 

Semivolatile Organic Compounds in Soil 

Twenty SVOCs were detected in surface soil at AOC 671. AIl surface soil Exceedances occurred 

in surface soil sample 671SB00201, where benzo(a)anthracene was detected at 1,600 pglkg 

(RBC = 870 pglkg), benzo(a)pyrene was detected at 690 pglkg (RBC = 87 pglkg), 

benzo(b)fluoranthene was detected at 1,270 pgikg (RBC = 870 pgikg), and n-Nitroso-di-n- 

propylarnine was detected at 340 ,ug/kg (RBC=91 pglkg). Five SVOCs were detected in 

subsurface soil at AOC 671. Sample 671SB00802 contained n-Nitrosodimethylamine above its 

SSL at 52 pglkg (SSL=0.0026 pglkg). All other surface and subsurface soil SVOC detections 

were far below their respective lU3Cs and SSLs. 

Similar to the AOC 67 1 soil sampling results, four SVOCs, benzo(b)fluoranthene (83 pg/kg) , 

benzo(k)fluoranthene (98 pglkg), fluoranthene (79 pglkg), and pyrene (74 pglkg) were detected 

in surface soil at grid soil boring GDISB017. All concentrations analytes were far below their 

RBCs. No SVOCs were detected in subsurface soil at GDISB017. Appendix D contains the 

complete analytical data report for all grid-based soil samples collected at Zone I, 

In accordance with recent cPAH guidance (USEPA Interim Supplemental Guidance to RAGS: 

Region IV Bulletins, Human Health Risk Assessment, Bulletin No. 2 [USEPA 1995~1) and 

Section 7 of this report, BEQs were calculated for cPAHs at AOC 671. The BEQ for soil 

sample 671SB00201 is 1,088 pglkg, which exceeds the RBC for benzo(a)pyrene of 87 pglkg. 
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Pesticides and PCBs in Soil 

Twelve pesticides were detected in surface soil at AOC 671, Three pesticides were detected in 

subsurface soil at this AOC. No pesticide concentrations in surface or subsurface soils at 

AOC 671 exceeded their RBC or SSL. No PCBs were detected in surface or subsurface soils at 

AOC 671. 

Five pesticides were detected in surface soil at grid soil boring GDISB017, at concentrations 

similar to those present in the AOC 671 soil sampling results: 4,4'-DDD (11 pglkg), 4,4'-DDE 

(390 pgikg), 4,4'-DDT (21 pg/kg), endrin (16 ,wg/kg), and heptachlor epoxide (12 pg/kg). 

No pesticides were detected in subsurface soil at GDISB017. No PCBs were detected in surface 

or subsurface soiIs at GDISB017. Appendix H contains the complete analytical data report for all 

grid-based samples collected at Zone I. 

Other Organic Compounds in Soil 

The organotin tetrabutyltin was detected in soil at AOC 671 at concentrations below the 

USEPA-approved screening concentration for tributyltin oxide of 2,300 ,wg/kg. The maximum 

surface soil detection was 117.2 pg/kg in sample 671SB00701. The maximum subsurface soil 

detection was 92.01 pglkg in sample 671SB00602. 

Dioxins and furans were detected in both duplicate samples collected at AOC 67 1. In accordance 

with recent dioxin guidance (USEPA Interim Supplemental Guidance to RAGS: Region N 

Bulletins Human Health Risk Assessment, Bulletin No. 2 [USEPA 1995~1)~ and Section 7 of this 

report, the following TEQs were calculated: 2.13E-04 pglkg and 2.10E-03 pglkg for samples 

671CB00501 and 67 1 CB00201, respectively. Calculated TEQs at AOC 671 are below the RBC 

of 4.3E-03 pglkg for 2,3,7,8-TCDD in soil. 
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Inorganic Elements in Soil 

Twenty-two metals were detected in surface soil at AOC 67 1. No surface soil metal exceeded its 

RBC and surface soil background concentration. Twenty metals were detected in subsurface soil 

at AOC 671. Sample 67 1 SB00602 contained antimony (6.2 mg/kg), which exceeded its SSL of 

2.7 mglkg. No subsurface background was established for antimony in Zone I. No other 

subsurface metals exceeded its SSL. 

Nineteen metals were detected in surface soil at grid soil boring GDISB017, while 18 metals were 

detected in subsurface sod at this boring. No surface or subsurface metals exceeded its RBC, 

SSL, or surface/subsurface soil background concentration. Appendix D contains the complete 

analytical data report for all grid-based samples collected at Zone I. 

10.1.3 Groundwater Sampling and Analysis 

To characterize the site groundwater, four shallow monitoring wells were installed and sampled 

in accordance with the approved final RFI work plan. Four-rounds of groundwater sampling were 

completed at AOC 671. During the first round of sampling, AOC 671 wells were sampled for 

VOCs, SVOCs, metals, cyanide, pesticides, PCBs, chloride, sulfate, and TDS at DQO Level 111, 

Samples from rounds two and three were analyzed for metals, cyanide, and pesticides and PCBs. 

Fourth-round samples were analyzed for metals, cyanide, pesticides and PCBs, chloride, sulfate, 

and TDS. Table 10.1.5 summarizes the groundwater sampling at AOC 67 1. 
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Table 10.1.5 
AOC 671 

Groundwater Sampling Sum- 

Sm~ling ~ P W !  Wells 
Round Date Sampled Sample Analyses Comments 

1 05/24195 671001 Srnlldad suite No deviations horn RFI work m. 
05/25/95 671W chloride, In% ~ f p t e  

06IV2195 671003 
061&/95 671004 

2 01/16/96 671001 Cyanide, metals, pesticides and PCBs Second m n d  
OI/16/% 6710M 
01/16/% 67 1003 
01/16/96 671004 
01/16/% Duplicate - 1 Appendix IX. Cyanide, metals. Duplicate sample collected from 

pesticides and PCBs well 6710W. 

3 W03/% 671001 c m ,  metals, p c s d o i  sld p a s  'I'hird round 
06fO3/% 671W2 
06/03/% 671003 
MW% 671004 
W04M Duplicate - 1 Appendix M. Cyanide, metals, Duplicate sample collected from 

pesticides and PCBs 1671004. 

4 08/30/% 671001 Chloride, cyanide, sulfate, metals, Fourth round 
08/30/% 67 1002 pesticides ard PCBs. TDS 
08/30/Y6 67 1003 
09/04/% 671004 
09/04/% Duplicate - 1 Appendix IX. Chloride, cyanide. Duplicate sample collected from 

sulfate. metals. pesticides and PCBs. 671004. 
TDS 

Notes: 
Standard Suite = VOCs. SVOCs, metals, cyanide, pesticides and PCBs at DQO Level In. 
Appendix IX = Standard suite, plus hexchrome, dioxins, herbicides, pesticides at DQO Level IV. 

Groundwater samples were also collected from a shallowldeep grid monitoring well pair 

(GDI017/GDl17D) near AOC 67 1. Both wells were sampled during all four sampling events, and 

all samples were analyzed for the standard suite of parameters, plus chloride, sulfate, and TDS. 

Results of these analyses are discussed in the AOC 67 1 nature and extent section and are presented 

in Appendix H. 

Figure 10.1.1 shows the AOC 671 monitoring well locations. All shallow monitoring wells at 

AOC 671 were installed between 12.5 to 13.0 feet bgs in the upper sand layer of the Wando 

Formation. Deep grid well GDI17D was installed at 46 feet bgs. All wells were installed in 

accordance with Section 3.2.3 of his  report. 
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10.1.4 Nature and Extent of Contamination in Groundwater 

No organic compounds were detected in groundwater AOC 67 1. Table 10.1 .6 summarizes the 

AOC 671 inorganic analytical results for groundwater from the four sampling rounds. 

Table 10.1.7 summarizes all analytes detected in the shallow groundwater for AOC 671. 

Appendix D contains the complete analytical report for all samples collected in Zone I. 

Volatile Organic Compounds in Groundwater 

No VOCs were detected in shallow groundwater at AOC 671. 

No VOCs were detected in shallow groundwater at grid well GDI017. During the first sampling 

round, carbon disulfide was detected in deep groundwater at grid well GDI17D at a concentration 

far below its tap-water RBC. In subsequent sampling rounds, no VOCs were detected from this 

well. Appendix D contains the complete analytical data report for all grid-based samples collected 

at Zone I. 

Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in shallow groundwater at AOC 671. 

Two SVOCs, acenaphthene and naphthalene, were detected in shallow groundwater (sampling 

rounds two through four) at GDI017. All concentrations were far below the appropriate tap-water 

RBCs. Once SVOC, benzoic acid, was detected in deep groundwater (sampling rounds two 

through four) at deep grid weH GDI17D. This detection was far below the its tap-water R3C. 

Appendix D contains the complete analytical data report for all grid-based samples collected at 

Zone I, 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow groundwater at AOC 671. 
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Table 10.1.6 
AOC 671 

Inorganic Analytical Results for Groundwater @gL) 

Sample Detection 
Number of Samples 

Tngwnter Shallow Exceedine Lower of RBC 
Parameters Round Frequency Detection Range Mean RBCIMCL Bnckgrouad or MCL &d Background 

Alumimun (Al) Fit 014 M) ND 3,7001NL 1 , m  0 
ScEond 214 47.5 - 76.3 61.9 0 
%rd 014 ND ND 0 
Fourth 214 85 - 172 129 0 

Arsenic (As) First 214 17.2 - 31.4 24.3 0.045/50 23 
Second 214 9.5 - 42.0 25.8 
Third 3/4 9.9 - 28.8 16.3 
Founh 214 10.4 - 38.9 24.7 

Barium (Ba) First 4/4 15.4 - 22.5 19.1 260/2,000 110 o 
S e d  414 16.9 - 21 .Z 18.7 0 
Third 0/4 ND ND 0 
Fourth 414 18.2 - 21.6 19.6 0 

Beryllium (Be) First 014 ND ND 7.314 1.1 0 
Second 014 ND ND 0 
Third 014 ND ND 0 
Fourth 114 0.49 0.49 0 

Cadmium {Cd) F h t  214 0.30 - 0.30 0.30 1.815 NA 0 
Sccad 0/4 ND ND 0 
Third 014 ND ND 0 
Fourth I I4 0.65 0.65 0 

Calcium (Ca) First 414 101.000-131.000 117.000 NUNL NL N A 
Seco~d 414 108.500 - 133,000 123,000 N A 
Third 414 102,500 - 140.000 122.000 N A 
Fourth 414 104,000 - 144,000 124,000 N A 

Chromium (Cr) First 2/4 0.90 - 0.93 0.92 1811DO 14.3 0 
Second 014 ND ND 0 
Third 214 1.1 - 1.2 1.15 0 
Fourth 114 0.93 0.93 0 

Copper (Cu) Rrst 014 ND ND 15011.300 4.4 0 
Second 1 /4 3.4 3.4 0 
Third Of4 ND ND 0 
Fourth 014 ND ND 0 

(Fe) F h t  4/4 1,580 - 3,640 2,570 NWNL NL N A 
Second 414 1.940 - 4.730 3,330 N A 
Third 4/4 493 - 4,590 2,540 N A 
Fourrh 414 533 - 4,040 2,685 N A 

Lead (Pb) First 314 2.0 - 6.8 3.8 15115 4.4 0 
Second 014 ND ND 0 
Th~rd 014 ND ND 0 
Founh 214 3.4 - 7.7 5.6 0 

Magncsium (Mg) First 414 53,400 - 91,400 65,400 NUNL NL N A 
Seed 414 46,200 - 93,600 70,700 NA 
Third 414 50.500 - 94.200 73.700 N A 
Fourth 414 57,900 - 112,000 79.600 N A 

Manganese (Mn) First 414 659 - 908 754 73lNL 5,430 0 
Second 414 607 - 1,000 787 0 
Third 414 467 - 743 625 0 
Fourth 414 582 - 752 663 0 
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Table 10.1.6 
AOC 671 

Inorganic Analytical Results for Groundwater bgL) 
Number or Samples 

Snmple Detection Tapwater Shallow Exceeding Lower of RBC 
Psrpmeters Round Frequency Deteclion Range Menu RBCIMCL Background or MCL and Background 

M a r y  (Hg) Eyst 014 ND ND l.lf2 MD 0 
Second 024 NR N D 0 
Third 014 ND ND 0 
Pourth 114 37.9 37.9 1 

Nickel (Ni) First 014 ND ND 731 100 13.3 0 
Second 014 ND ND 0 
Third 114 1.5 1.5 0 
Fourth 114 1 .O 1 .O 0 

Pamssium [K) First 4t4 46.200 - 8k.400 56,300 N U N t  M, N A 
Secoad 414 U1.900-58,500 46,700 N A 
Third 414 36.800 - 54,%00 46.m N A 
Fourth 314 40,aaO-63,6txl 49,000 N A 

Sodium (Na) First 414 178.000 - 489,000 269.000 NWNL NL N A 
Second 414 90,600 - 695.000 371,000 N A 
Third 414 155,000 - 746,000 395.000 N A 
Fourth 414 191.000 - 671.000 391,000 N A 

T%allium (Ti) Flnt 014 ND ND 0.2612 2 0 
Second 014 ND ND 0 
Third 014 ND ND 0 
Faurth 214 5.5 - 6.6 6.1 2 

Vanadium (V) First 214 1.2 - 1.3 1.3 26lNL 14 0 
Second 214 1.1 - 1.5 1.3 0 
Third 014 ND ND 0 
Fourth 314 0.55 - 0.94 0.79 0 

Zinc (Zn) First 414 3.8 - 10.2 6.5 1,1001Nt 24.4 0 
S~COUI 1 /4 6.9 6.9 o 
ThiFd 014 ND ND 0 
Fouah 1 14 5.3 5.3 0 

Notes: 
NA = Not ApplicablelNot Available 
ND = Not DetectedlNot Determined 
NL = Not Listed 
gglL = micrograms per liter 
See Table 5.6 for inorganic screening concentrations ud their sources. 
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Section 10 - Sire-Spec@c Evaluutiom 

No pesticides or PCBs were detected in shallow or deep groundwater at grid wells GDIO17 and 

GDI17D. Appendix H contains the complete analytical data report for all grid-based samples 

collected at Zone I. 

Other Organics in Groundwater 

No dioxins, furans, herbicides, or organotins were detected in shallow groundwater at AOC 67 1. 

Groundwater samples from grid wells GDI017 and GDI17D were not analyzed for dioxins, furans, 

herbicides, or organotins. 

Inorganic Elements in Groundwater 

Nineteen metals were detected in AOC 671 shallow groundwater samples. Arsenic exceeded its 

RBC (0.045 pg/L) and shallow groundwater background concentration (23 pg/L) during all four 

sampling rounds at 67 1003, with concentrations ranging from 28.8 to 42 ,ug/L. Mercury exceeded 

its tap-water RBC and MCL (1 .  l pg/L and 2.0 pglL) during the fourth sampling round at 671003, 

with a concentration of 37.9 pglL. No background concentration has been established for mercury 

in shallow groundwater is established in Zone I. Thallium exceeded its tap-water RBC 

(0.26 pglL), MCL (2 pglL) and shallow background concentration (2 yglL) during the fourth 

sampling round at 671001 (5.5 pg/L) and 67 1003 (6.6 pg/L). 

In all, 14 metals were detected during the four groundwater sampling rounds at shallow grid well 

GDI017. All concentrations were far below their respective tap-water RBCs and shallow 

groundwater background concentrations. In all, 15 metals were detected during the four 

groundwater sampling rounds at deep grid well GDI17D. During the fourth sampling round, 

thallium exceeded its tap-water RBC (0.26 ,ug/L), MCL (2 pg/L) and deep groundwater 

background concentration (2.0 pg/L), with a concentration of 15.4 pg/L. Appendix H contains 

the complete analytical data report for a11 grid-based samples collected at Zone I. 
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10.1.5 Fate and Transport Assessment for AOC 671 

AOC 671 includes the former Metering House at Building 3905G, and the two associated 

25,000 gallon USTs. The tanks were constructed in 1944 and used to store aviation gasoline until 

1966. The area is currently an unused asphalt parking lot. Two raised circular areas in the asphalt 

are thought to represent the locations of the USTs. The lack of information regarding the possible 

removal of these USTs and the surface expression suggests that the USTs are still in place. A 

concrete foundation along Hobson Avenue is all that remains of Building 39056. No previous 

investigations or remedial actions have been documented for AOC 671. Environmental media 

samples collected as part of the AOC 671 investigation include surface soil, subsurface soil, and 

shallow (12.5 to 13.0 feet bgs) groundwater. In addition, one deep grid we11 was installed and 

sampled. Potential constituent migration pathways investigated for AOC 671 include soil-to- 

groundwater, groundwater migration to human receptors and to surface water, and emission of 

volatiles from surface soil-to-air. 

10.1.5.1 Soil-to-Groundwater Cross-Media Transport 

Table 10.1.8 compares maximum detected organic chemical concentrations in surface soil and 

subsurface soil, and shallow groundwater samples to risk-based soil screening levels considered 

protective of groundwater. Maximum concentrations in soil are compared to leachability-based 

generic SSLs. Soil background values for inorganics in Zone I were determined, but at the request 

of SCDHEC, they were not considered during initial comparisons of maximum soil concentrations 

to SSLs. To provide a conservative screen, generic SSLs are used; leachate entering the aquifer 

is assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 



Table 10.1 8 
Organic Chemicals Detected in Surface Soil, Subsurface Soil, Sediment, and Shallow Groundwater 
Comparison to Cross-media SSLs, Tap Water RBCs, and Saltwater Surface Water Chronic Screening Levels 
AOC 671 
Charleston Naval Complex 
Charleston, South Carolina 

Ground- Surface 
Volatil- water Wate~  

Leaching ization Migration Migration 
Potential Potential Concern Concern 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

YES NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

YES NO NO NO 

Parameter 

Volatile Organic Compounds 
Acetone 
Acetonitrile 
Toluene 

Semivolatilc Organic Compounds 
Acenaphthene 
Anthracene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene Equivalents 

Benzo(a)anthracene c 
&nzo(a)pyrene c 
Benzo(b)fluoranthene c 
Benzo(k)fluoranthene c 
Chrysene c 
Dibenz(a,h)anthracene c 
Indeno(1,2,3-cd)pyrene c 

Dibenzofuran 
Di-n-butylphthalate 
bis(2-Ethylhexy1)phthalate (BEHP) c 
Fluoranthene 
Fluorene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Naphthalene 
N-Nitrosodimethy lamine c 
N-Nitroswdi-n-propylamine c 
Phenanthrene 
Pyrene 

PcsticidcdPCBs 
alpha-BHC (alpha-HCH) c 
beta-BHC (beta-HCH) c 
delta-BHC (delta-HCH) c 
4,4'-DDD c 
4,4'-DDE c 
4,4'-DDT c 
Dieldrin c 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

3 1 36 N A ND 
t 30 ND NA ND 

13 12 N A ND 

975 ND NA ND 
3020 ND N A ND 
235 ND NA ND 

I089 ND N A ND 
1600 ND N A ND 
690 ND N A ND 

1270 ND NA ND 
1420 ND NA ND 
1305 ND N A ND 

70 ND N A ND 
260 ND N A ND 

1230 ND N A ND 
230 130 NA ND 
ND 76 N A ND 

6400 l lD N A ND 
2160 ND NA ND 

l 10 ND N A ND 
58 ND N A ND 
59 ND N A ND 

ND 52 N A ND 
340 ND N A ND 

8900 ND N A ND 
43M) 71 N A ND 

0.17 ND N A ND 
20 ND N A ND 

0.59 ND N A ND 
430 60 NA ND 
490 160 N A ND 

21 ND N A ND 
4.6 ND N A ND 

Screening Concentration 
Soil to Soil to Saltwater 

G W  Air Tap Water Surf Wtr 
SSL SSL RBC Chronic 

8000 1.OEH8 3700 NA 
440 a N A 220 NA 

6000 650000 750 37 

290000 N A 2200 9.7 
5900000 NA 11OOO NA 
12E+08 a N A 1500 NA 

1600 a NA 00092 NA 
800 NA 0.092 NA 

4000 NA 0.0092 NA 
2500 NA 0.092 NA 

25000 N A 0.92 NA 
80000 N A 9.2 NA 

800 NA 0.0092 NA 
7000 NA 0.092 NA 
6800 a 120000 24 NA 

2300000 2300000 3700 3.4 
1800000 31000000 4.8 NA 
2100000 N A 1500 1.6 

280000 N A 1500 NA 
72OOO a N A 1500 NA 

230000 a N A 1500 23.5 
42000 N A 1500 23.5 
0.0026 a NA 0.0013 NA 

0.023 NA 0.0096 NA 
660000 a N A 1 100 NA 

2100000 N A 1 100 NA 

0.25 800 0.011 1400 
1.3 1EM9 0.037 NA 
1.8 a NA 0.037 NA 

8000 N A 0.28 0.025 
27000 N A 0.2 0.14 
16000 1 E+09 0.2 0.001 

2 1000 0.0042 0.0019 

Soil Water 
Units Units 

~ W K G  VGL 

r~~~ CGIL 

rWKG ~ G L  

PGRG PO& 

PGKG r G h  

PGKO V G ~  

~ G K G  VGL 

~ G K G  r G L  

rGKG rm 

~ G X G  PWL 

MGKG ~ W L  

roKG PGL 

~ W K G  VGR 

rGKG rG& 

~ G K G  PG& 

rGRG r G t  

,mo "on 
rGKG ~ G A .  

LG/KC PGL 

$KG rGIL 

pGKG eGh 

PGKG CGL 

CGKG p m  

ro/rtG r m  

rWWG r G L  

WWKG VGL 

cWKG PGL 

rGKG V G ~  

VGXG r ~ h  

pGKG r G h  

WGKG ~ G L  

pGKG hGh 

rGKG VCR 



Table 10.1.8 
Organic Chemicals Detected in  Surface Soit, Subsurface So~l, Sediment, and Shallow Groundwater 
Comparison to Cross-media SSLs, Tap Water RBCs, and Saltwater Surface Water Chronic Screening Levels 
AOC 671 
Charleston Naval Complex 
Charleston, South Carolina 

Notes: 
Sources of screening concenmt~ons appear in  Table 5.5 
Explanations o f  fate and transport screening procedures appear in Section 6.2 
Frequency and range of detections, average detected concentrations, and number o f  screening concentration exceedances appear in Tables 10.1.2 

a - Calculated soil to groundwater SSL value (See Table 6 2) NA - Not applicableinot available 
b - Based on surrogate compound; see Table 5.5 N D  - Not detected 
c - Carcinogenic RBC - Risk-based concentration 
GW - Groundwater SSL - Soil screening level 

h 

Parameter 

Endosulfan 1 
Endosul fan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor epoxide c 

Organotin 
Tetrabutyltin 

Dioxin Compounds 
2,3,7,8-TCDW equivalents (TEQs) c 

123789-HxCDD c 
1234678-HpCDD c 
OCDD c 
123478-HxCDF c 
123678-HxCWF c 
123789-HxCDF c 
234678-HxCDF c 
1234678-HpCDF c 
OCDF c 

NGXG - Nanograms per kilogram 
pGKG - Micrograms per kilogram 
PGR. - Picograms per liter 
pG/L - Micrograms per liter 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

2 6 ND N A ND 
0.55 ND N A ND 
2.7 ND N A ND 
2 1 16 N A N D  
8.7 ND N A ND 

117 92 N A N A 

2.10 N A N A N A 
2 41 N A N A N A 
22.0 N A N A NA 
259 N A NA NA 
3.50 NA N A NA 
2.76 N A N A NA 
4.74 N A N A NA 
1.87 NA N A NA 
8 34 N A N A NA 
1 1  9 N A NA NA 

Screening Concentration 
Soil to Soil to Saltwater 
GW Air Tap Water Surf. Wtr. 
SSL SSL RBC Chronic 

9000b N A 220 0.0087 
4600 a N A 220 NA 

500 N A 11 O.M)23 
340 a N A 1 I NA 
3 30 5000 0.0012 0.0036 

N A N A I I NA 

1600 a N A 0.45 10 
4100 a N A 4.5 NA 

I08000 a N A 45 NA 
1080000 a N A 450 NA 
216000 a N A 4.5 NA 
216000a N A 4.5 NA 
216000 a NA 4 5 NA 
216000 a NA 4.5 NA 
54000 a N A 45 NA 

540000 a N A 450 NA 

So11 Water 
Units Units 

~ O K G  VCL 

~ G K G  CG& 

~ G K G  r G L  

~ G R G  rG& 

~ W K G  rGR 

rWKG PG~T. 

NCKG PWL 

NGKO POL 

NGKG mn 
N ~ G  PWL 

NGKG m 
NGKG PWL 

NGKG PO& 

NWKG PGR. 

NMG pwt 

NGKG PWL 

Ground- Surface 
Volatil- water Water 

Leaching ization Migration Migration 
Potential Potential Concern Concern 

NO N O  NO N O  
NO N O  NO N O  
NO N O  NO N O  
NO N O  NO N O  
NO NO NO NO 

N O  N O  NO NO 

N O  NO N O  N O  
N O  NO N O  N O  
N O  NO N O  N O  
N O  NO NO N O  
NO N O  NO N O  
NO N O  NO N O  
NO N O  N O  NO 
N O  N O  N O  NO 
N O  N O  N O  N O  
N O  NO N O  N O  
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No volatile organic constituents were detected in AOC 671 surface or subsurface soil at 

concentrations exceeding groundwater protection SSLs. Two semivolatile organic compounds 

were detected in AOC 67 1 surface soils at concentrations exceeding groundwater protection SSLs, 

but were nondetect in shallow groundwater: benzo(a)anthracene (1600 pg/kg at SB002; 

SSL=800 pglkg) and N-Nitroso-di-n-propylamine (340 pg/kg at SB002; SSL=0.234 pglkg). 

Figures 10.1.2 and 10.1.3 present benzo(a)anthracene and N-Nitrosodi-n-propyhine 

concentrations detected at AOC 671 respectively. One semivolatile organic compound was 

detected in subsurface soil at a single location exceeding the groundwater protection SSL, but was 

nondetect in all surface soil samples and shallow groundwater samples at AOC 671: 

N-Nitrosodimethylamine (52 pglkg at SB008; SSL= 0.0026 pglkg). Figure 10.1.4 presents the 

N-Nitrosodimethylamine concentration detected at AOC 67 1. These SVOCs may be associated 

with past site activities. However, the absence of benzo(a)anthracene and N-Nitroso-di-n- 

propylamine in subsurface soil effectively eliminates them from the soil-to-groundwater pathway. 

Further, the limited distribution of N-Nitrosodimethylamine in the subsurface soil and the fact that 

it was not present in site groundwater suggests that the affected area is small, and that residual 

mass is not significant. Two pesticides were detected in surface soil at concentrations exceeding 

groundwater protection SSLs: beta-BHC (20 pglkg at SB002; SSL = 1.3 pglkg), and dieldrin 

(4.6 pglkg at SB003; SSL=2.0 pglkg). Figures 10.1.5 and 10.1.6 present beta-BRC and dieldrin 

concentrations detected at AOC 671 respectively. The subsurface soil samples at these locations 

were nondetect, thus indicating that the distribution of these organic constituents at this site is 

consistent with typical chemical behavior of pesticides in soils. This distribution is demonstrated 

by a marked attenuation with depth as constituents adsorb readily to organic carbon sites and soil 

media. Pesticide occurrence is not consistent with past site activities and their source at the site 

is unclear. They may be from routine application in the site area, or fugitive dust from a nearby 

area of application. The absence of these pesticides in subsurface soil and shallow groundwater, 

however, effectively invalidates a soil-to-groundwater pathway for pesticides. Table 10.1.9 

compares maximum detected inorganic constituent concentrations in surface and subsurface soil 



Zone I RCRA Facility Investigation Repon 
Charleston Naval Complex 
Section 10 - Site-Specific EvaMoru 
Revision: 0 

samples to risk-based soil screening levels considered protective of groundwater. Three inorganics 

exceeded applicable SSLs in surface and subsurface soil at AOC 67 1. Specifically, chromium was 

detected in all eight surface and seven subsurface soil samples, exceeded applicable screening 

levels in four surface and four subsurface samples, and was detected in groundwater. 

Figure 10.1.7 presents chromium concentrations detected at AOC 671. Antimony was detected 

in one subsurface soil sample (6.2 ~ g i k g  at location 671SB006) above the applicable SSL, but was 

not detected in surface soil or groundwater. Figure 10.1.8 presents antimony concentrations 

detected at AOC 671. Thallium was detected at a single location in surface soil only, slightly 

exceeding the groundwater protection SSL, was present slightly below the SSL in subsurface soil, 

and was detected in groundwater. Figure 10.1.9 presents thallium concentrations detected at AOC 

67 1. The presence of inorganics at this site is not likely a result of the past site activities, which 

were related to the storage and transfer of petroleum. All of the chromium concentrations were 

well below the zone-specific background and are eliminated from further discussion regarding the 

site as the potential source. The absence of antimony in surface soil, but at concentrations above 

the SSL in subsurface soil implies either a subsurface source or downward migration via a 

mobilizing agent. Finally, the approximately equal vertical distribution of antimony points to a 

natural occurrence for this inorganic. Notably, only thallium and chromium were detected in 

shallow groundwater, and only thallium exceeded applicable groundwater risk-based screening 

criteria and the Zone I background reference concentration. The soil-to-groundwater pathway is 

valid for thallium and should be considered based on its presence at concentrations exceeding SSLs 

in surface soil, slightly below the SSL in subsurface soil, and in shallow AOC 671 groundwater 

at concentrations exceeding applicable groundwater screening levels. 

10.1.5.2 AOC 671 Groundwater Migration to Surface Water Cross-Media Transport 

Tables 10.1.8 and 10.1.9 compare maximum detected organic and inorganic concentrations in 

shallow groundwater samples to risk-based concentrations for drinking water and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). 
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Table 10.1.9 
Inorganic Chemicals Detected in Surface Soil, Subsurface Soil, Sediment, and Shallow Groundwater 
Comparison to Cross-media SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Reference Values 
AOC 671 
Charleston Naval Complex 
Charleston. South Carolina 

Notes: 
Sources of screening concentrations appear in Table 5.6 
Explanations of fate and transport screening procedures appear in Section 6.2. 
Frequency and range of  detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.1.3 and 10.1.6. 

Background reference values for soil are shown for comparison purposes only. 
Maximum groundwater concentrations are screened against the greater of tap water RBCs or corresponding background reference values to determine groundwater migration concern. 

a - Calculated soil to groundwater SSL value (See Table 6.2) 
c - Carcinogenic 
GW - Groundwater 

Soil Water 
Units Units 

MGKG 

M ~ G  PIX 

MGIKG PG~L 

M ~ K G  

MWKG CGR 

MGKG vGn 

rG& 

MGKG vGIL 

MWKC POL 

MG~KG pa 
MGKG r~~ 

MGKG PC& 

MO/KO rG/L 

MGKO rG/L 

MGKC 

MGNG POL 

MGKG (IGR 

MGKG 

Screening Concentration 
Soil to Soil to Tap Saltwater 
GW Soil Air Water Shallow GW Surf W u  
SSL Background SSL RBC Background Chronic 

560000 a 27400 NA 37000 1440 NA 
2.7 ND NA 15 N A NA 
15 21.6 750 0.045 23 36 

820 54.2 690000 2600 110 NA 
32 0.95 1300 73 1.1 NA 

4 0.61 1800 18 N A 9.3 
19 51.3 270 I80 14.3 50 

990 a 5.8 NA 2200 2.2 NA 
5600 a 240 NA 1500 4.4 2.9 
400 203 400 15 4.4 8.5 
480 a 419 NA 730 5430 NA 

1 0.47 10 I I NA 0.025 
65 23.9 13000 730 13.3 8.3 

2.6 1.77 NA 180 ND 71 
0.36 ND NA 2.6 2 21.3 
5500 a 7.5 NA 22000 NA NA 
3000 113 NA 260 14 NA 
6200 206 NA 11000 24.4 86 

Parameter 

Inorganic Chemicals 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) c 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) (total) 
Cobalt (Co) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Thallium (TI) 
Ti (Sn) 
Vanadium (V) 
Zinc (Zn) 

NA - Not available/Not applicable 
ND - Not detected 
R3C - Risk-based concentration 

I 
Fugitive Ground- Surface 

Particulate water Water 
Leaching Inhalation Migration Migration 
Potential Concern Concern Concern 

NO NO NO NO 
YES NO NO NO 
NO NO YES YES 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

YES NO NO NO 
NO NO NO NO 
NO NO NO YES 
NO NO NO NO 
NO NO NO NO 
NO NO YES YES 

NO NO NO NO 
NO NO NO NO 
YES NO YES NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

I2900 13600 NA 172 
ND 6.2 NA ND 
8.3 6.3 NA 42 

20.8 37.1 NA 22.5 
0.72 0.86 NA 0.49 

0.5 ND NA 0.65 
22.7 26.5 NA 1.2 
4.8 3.6 NA ND 
3 4 122 NA 3.4 

39.8 11.7 NA 7.7 
213 128 NA 1000 

0.26 ND NA 37.9 
8.8 7.2 NA 1.5 

0.56 1.5 NA ND 
0.39 0.34 NA 6.6 

9.5 ND NA ND 
29.5 26.7 NA 1.5 
73.7 32.8 NA 10.2 

SSL - Soil screening level 
MG/KG - Milligrams per kilogram 
pG/L - Micrograms per liter 
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For inorganics, maximum concentrations in groundwater are screened against salt water, surface 

water, chronic values and whichever is greater: (a) risk-based drinking water concentrations or 

(b) corresponding background reference concentrations for groundwater. To provide a 

conservative screening, no attenuation or dilution of constituents in groundwater is assumed before 

comparison to the relevant standards. 

No organic constituents were present in groundwater at concentrations exceeding the applicable 

RBC screening levels. 

Three inorganic constituents, (arsenic, mercury, and thallium) were present in groundwater at 

levels that exceeded the RBCs. In addition, arsenic, copper, and mercury were present in 67 1002 

and 671003 at concentrations that exceeded their surface water criteria. Arsenic was detected in 

all four-rounds of groundwater sampling in three of four monitoring wells at concentrations 

significantly above the applicable background and RBC for arsenic. Figure 10.1.10 presents 

arsenic concentrations detected at AOC 671. However, it should be noted that the point of 

departure for arsenic should be 23 pg/L, the zone-specific background value. Over four quarters 

of sampling, arsenic concentrations have remained essentially the same, with the site's highest 

concentrations consistently detected at 671003. During the most recent sampling, this well 

exhibited the only exceedance. Notably, arsenic in soil did not exceed its SSL, suggesting either 

an offsite source, aquifer naturally higher in arsenic, or an SSL too high for the site conditions. 

All samples exceed the applicable RBC for arsenic, but only one sample in the fourth-quarter 

exceeded the surface water criteria. Mercury was detected in one sample in the fourth round of 

groundwater sampling (67 1003) above the RBC. Figure 10.1.11 presents mercury concentrations 

detected at AOC 671, It was not detected in any of the first three rounds of sampling, suggesting 

either an enor in the lab, a sample with high turbidity, or a pulse-type source. Thallium was 

detected in two samples in the fourth round (locations 671 001 and 671003) at concentrations above 

the RBC and zone-specific background (Figure 10.1.9). The deep groundwater sample from this 
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AOC also exhibited thallium above the applicable RBC and background. Like mercury, thallium 

had been nondetect in the previous three quarters. The sudden occurrence of thallium and mercury 

exceedances suggests, at least, seasonal fluctuations in groundwater quality, or either sampling or 

analytical error. These hypotheses can be substantiated or refuted with additional sampling. 

In addition to arsenic and mercury, copper exceeded the applicable surface water screening 

criteria. It exceeded this screening threshold in the second round at location 671002, but has since 

been below the screening criteria. Figure 10.1.12 presents copper concentrations detected at 

AOC 671. 

Based on the fourth round of groundwater monitoring results, from a chemical standpoint, the 

groundwater-to-surface-water migration pathway does have merit. The nearest surface water 

receptor is the Cooper River, approximately 200 feet north of the site. At this site, groundwater 

flow is consistent with the discharge to the Cooper River; consequently, this pathway has some 

merit and should be considered valid. The significance of potential discharge to the river, 

however, will depend on the dilutional capacity of the system. 

As for the RBC, or risk-based consumption pathway, groundwater in the surficial aquifer is not 

currently used for consumption, nor is it anticipated to be in the future, thus effectively 

invalidating the pathway. 

10.1.5.3 AOC 671 Soil-to-Air Transport 18 

No VOCs were detected at AOC 671. As a result, the soil-to-air migration pathway is not 19 

considered significant or valid at AOC 671. 20 



4 671 SB002 
671GW002 ND 

ND ND 

671 SB008 
ND 

671GW001 
ND 

671 58003 671 GW003 
671SB001 . 5.5 ND 6 6 

ND ND 

. ND 
*-- . 

-> 

671 SB006 
- 671SBOD7--. 0 39 

-. 

/ *  

ZONE I - RCRA 

MONITORING WELL LOCATION 
FACILITY INVESTIGATION 

* ZONE I SOlL BORING LOCATION 
NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOlL CONC (MG/KG) 
12 30 ZONE I SUBSURFACE SOlL CONC (MGIKG) 
72 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT 

..... , .. I.. .i *.* ....... - ...... _ . . . .  . .+ - .... _ .. ....... ... ..... ............ >,- . . . Y ~  ,_ ............. .......... I _ N, ;. . . . . . . . . . .  
.I . ..II 

...... . I .  ^ . % , ................. --.,-..* 
-..=- ",~--, -.....+-.-.+. .... +,_.- __.,. _ . ..... ............. I". 1 -* i. 

....... B 
..........a. ... .,-. 

........ ....... .. ............ 
2 .  

. 671SBO . ..-- __-. .-- - 
.,-" 

P 

SCALE 
40 0 4 0 80 Feet 

, 

THALLI UM 
ZONE 1 EXCEEDANCES 

SOlL AND GW CONCENTRATIONS 

............. .... ..... ............. . . ...'"... ...... 
NS 
,a' 67, SB009 .' -'-" -. *-, 

" . *  
I.......... F ...-- "*. _..... _" . . . . . . . .  

NS I I 

MCL.2 UGIL RBC=.55 MGlKG SSL=.36 MGlKG I 



.,pJW -..r ...Y-l..-.- .._-- I..., .. .. - ........... ............ ..................... 
#,<' ,~ ..................... + _ _  --C .... -....--..-.- , - -  .......... 

__^L_X_  _- _ . .--. ..---- -A".. --A"-- ................ ",A' ,.~"*" 
S - . ,.- 
"C 

,*  .......I..., ......... . - .-,, ̂ .....- .......... I.......... ........ ............ _--om .-.. . ._ .X.^___. ," ,_ . . . .  .. . . . .  i 21. +- 

*lc 
I --.L ..J 

. . . . .  . .. ....... ... . ............. r . ,  
I., .....,..I._... __, ,* I .  lo...._ 

67 1 SBOI 0 
....... .............. -.. "-_. _ A" ........... NS .. .- ---w.- ...........a_ ..... . . . - . .  671S8009 -. ,.- .* ,- . .."." ., .,.-< .*- 

A-_ .  ., .," _ _ _ .  ..--. -.,. ......... ...... 
NS 

4 67158002 
671GW002 4 

ND 6 3 

LEGEND 

MONITORING WELL LOCATION 
ZONE I SOIL BORING LOCATION 

12 30 ZONE I SURFACE SOlL CONC. (MGIKG) 
12 30 ZONE I SUBSURFACE SOlL CONC. (MGIKG) 
12.30 MAXIMUM QUARTERLY GW CONC. (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT 

SCALE 
40 0 40 80 Feet 

ZONE I - RCRA 
FACILITY INVESTIGATION 
NAVAL BASE CHARLESTON 
CHARLESTON, SC 

FIGURE 10.1.10 
ZONE l 
AOC 671 
ARSEN lC 

ZONE l EXCEEDANCES 
SOlL AND GW CONCENTRATIONS 

I MCL=50 UGIL RBC1.43 MGIKG SSL.15 MGiKG 





LEGEND 
ZONE I - RCRA 

MONITORING WELL LOCATION 
FACILITY INVESTIGATION 

ZONE I SOlL BORING LOCATION NAVAL BASE CHARLESTON 

12.30 ZONE I SURFACE SOIL CONC. (MGIKG) CHARLESTON, SC 
12 30 ZONE I SUBSURFACE SOlL CONC. IMGIKG) 
12.30 MAXIMUM QUARTERLY GW CONC. '[uG/L) ' 

NS NO SAMPLE TAKEN 
ND NON DETECT 

I 
SCALE , 4 0 0 4 0 80 Feet 

FIGURE 10.1 .I 1 
ZONE l 
AOC 671 

MERCURY 
ZONE I EXCEEDANCES 

SOlL AND GW CONCENTRATIONS 

MCL=2 UGlL RBC=2.3 MGlKG SSL=l MGlKG 



Zone I RCRA Facility Investigaion Report 
Charleston Naval Complex 

Section 10 - Site-Specijic E v a ~ ' 0 n s  
Revision: 0 

10.1.5.4 AOC 671 Fate and Transport Summary 

No volatile organic constituents were detected in AOC 671 surface or subsurface soil at 

concentrations exceeding groundwater protection SSLs. All organic exceedances were limited 

to location 671SB002, except for one semivolatile and one pesticide at locations 671SB008 and 

67 1SB003 respectively. Two semivolatile organic compounds, benzo(a)anthracene and N-Nitroso- 

di-n-propylamine, were detected in AOC 671 surface soils at concentrations exceeding 

groundwater protection SSLs. One semivolatile organic compound, N-Nitrosodimethylamine, was 

detected in subsurface soil at one location exceeding the groundwater protection SSL, but was 

nondetect in all surface soil samples. These organic constituents were all nondetect in shallow 

groundwater samples at AOC 671, thus invalidating the soil-to-groundwater pathway for these 

constituents. Two pesticides, beta-BHC, and dieldrin, were detected in surface soil at 

concentrations exceeding groundwater protection SSLs. The subsurface soil at these locations was 

nondetect, thus indicating that the pesticides are immobiIized in the upper soil column, a 

distribution consistent with chemical behavior typical of pesticides in soils. The presence of these 

pesticides is not consistent with historical practices at the site; the pesticides may be the result of 

a previous application at the site or surrounding area. Three inorganics, chromium, antimony, 

and thallium, exceeded applicable SSLs in surface and subsurface soil at AOC 671. Chromium 

was detected in all surface and subsurface soil samples, and in the shallow groundwater. 

However, the concentration detected in the soil and groundwater did not exceed applicable 

background, thus eliminating it from further discussion. Antimony exceeded the SSL in 

subsurface soil, but was not present in shaIlow groundwater, thus invalidating the pathway for this 

inorganic. Thallium was detected in surface soil above the SSL, in subsurface soil slightly below 

the SSL, and above background and the RBC in the shallow and deep groundwater at the site, 

Although it is unlikely that the AOC is the source of this inorganic, the soil-to-groundwater- 

pathway is valid for thallium. Therefore, it should be considered, based on its presence at 

concentrations exceeding SSLs in surface soil, slightly below the SSL in subsurface soil, and in 
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shallow AOC 671 groundwater at concentrations exceeding applicable groundwater screening 

levels. 

No organic constituents were present in groundwater at concentrations exceeding the applicable 

screening levels. Three inorganic constituents were present in groundwater at levels that exceeded 

the applicable RBCs: arsenic, mercury, and thallium. In addition, arsenic, copper, and mercury 

were present at concentrations that exceeded their respective surface water criteria. A review of 

four quarters of sampling indicates that arsenic levels remain essentially unchanged, while the 

other constituents are present above screening primarily in the fourth-quarter. The consistent 

concentrations of arsenic point to a stable flux into the system, most likely naturally occurring (the 

point of departure for arsenic is 23 pg/L). Conversely, the inconsistent occurrence of the other 

inorganics points to an unstable flux, and may reflect climatologically induced variable water 

quality or sampling/analytical error. Further sampling may be required to resolve the source of 

these inconsistencies. As for surface-water migration, groundwater flow is consistent with the 

discharge to the Cooper River; consequently, this pathway has some merit and should be 

considered. The degree of significance will depend on the dilutional capacity of the system, 

however. As for the risk-based pathway, the groundwater in the surficial aquifer is not currently 

used for consumption, nor is it anticipated to be in the future, thus eliminating the receptor and 

invalidating this pathway. 

No VOCs were detected at AOC 671. As a result, the soil-to-air migration pathway is not 

considered valid at AOC 67 1. 

10.1.6 Human Health Risk Assessment 

10.1.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 671 was the assessment of soil and groundwater 

potentially affected by past activities onsite. AOC 671 includes the former Metering House, 
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Building 3905G, and the two associated 25,000 gallon USTs. The tanks were constructed in 1944 

and used to store aviation gasoline until 1966, The area is currently an unused asphalt parking lot. 

Two raised circular areas in the asphalt are believed to represent the locations of the USTs. The 

lack of information regarding the possible removal of these USTs and the surface expression 

suggest the USTs are still in place. No previous investigations or remedial actions have been 

documented for AOC 67 1 . 

Two rounds of soil sampling were performed at AOC 671. The locations are shown on 

Figure 10.1.1. Eight proposed upper-interval samples were collected and seven of the eight 

proposed lower-interval soil samples were collected. One lower-interval sample was not collected 

because the water table was encountered at less than 5 ft. bgs. All first-round samples were 

analyzed at DQO Level 111 for VOCs, SVOCs, pesticidestPCBs, cyanide, and metals. Two 

samples selected as duplicates were analyzed at DQO Level IV for Appendix IX analytical 

parameters. Four first-round soil borings (upper and lower-intervals) were analyzed for 

organotins. Two additional second-round samples were collected to determine the extent of 

pesticides detected in the initial sampling. Surface soil samples from all boring locations were 

used to quantitatively assess soil exposure pathways. Subsurface soil is addressed in 

Section 10.1.5, Fate and Transport Assessment. 

To characterize the site groundwater, four shallow monitoring wells were installed and sampled 

during four-rounds in accordance with the final R H  work plan. Monitoring well locations were 

previously shown on Figure 10.1.1. During the first round of sampling, AOC 671 wells were 

sampled for VOC, SVOC, metals, cyanide, pesticides, and PCBs, chloride, sulfate, and TDS at 

DQO Level 111. Samples from rounds two and three were analyzed for metals, cyanide, and 

pesticides and PCBs. Fourth-round samples were analyzed for metals, cyanide, pesticides, and 

PCBs, chloride, sulfate, and TDS. Data from the four sampling rounds for each well were used 

to quantitatively assess groundwater exposure pathways. 
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10.1.6.2 COPC Identitlcation 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.1.10, this Human Health Risk Assessment (HHRA) focus on the following COPCs: 

benzo(a)pyrene equivalents and N-Nitrosodi-n-propylamine. Aluminum, arsenic, and manganese 

were detected at maximum concentrations exceeding their RBCs, but not background 

concentrations, Therefore, these inorganics were eliminated from further consideration in the 

AOC 67 1 HHRA. Wilcoxon rank sum test analyses did not result in the inclusion of any inorganic 

parameters that had been screened out on the basis of background concentration. 

Groundwater 

As shown in Table 10.1.11, arsenic, mercury, and thallium were identified as COPCs in shallow 

groundwater at AOC 671. Manganese was detected at a maximum concentration exceeding its 

RBC and was initially excluded from the list of COPCs since its maximum concentration did not 

exceed its background concentration. However, manganese was identified as having concentrations 

consistently higher than background based on the results of Wilcoxon rank sum test analysis and 

was therefore included as a COPC. Wilcoxon rank sum test did not identify any other CPSSs that 

had been screened out on the basis of background comparisons only. 

10.1.6.3 Exposure Assessment 

Exposure Setting 

AOC 671 is the site of a former metering house and aviation gasoline compound that operated 

from the 1940s to the 1960s. The area is currently an unused parking lot. Current base reuse 

plans indicate that the area is slated for redevelopment as a marine cargo terminal. 
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Since municipal water is readily available basewide, it is highly unlikely that the aquifer will be 

used as a source of potable or process water. Groundwater exposure pathways would not be 

completed if the municipal water supply is kept in place. As a highly conservative estimate of 

potential riskfhazard due to groundwater pathways, a residential scenario and an industrial 

scenario were considered for AOC 671. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 

quantitatively in relation to the future workers and future residents. The hypothetical future site 

worker scenario assumed continuous exposure to surface soil conditions. Current site workers' 

exposure would be less than that assumed for the hypothetical future site worker scenario because 

of their limited soil contact (the pavement would prevent direct contact to the site). Therefore, 

future worker assessment is considered to conservatively represent current site workers. The 

resident child scenario was considered to conservatively represent of the adolescent trespasser. 

The future site resident scenario was built on the premise that existing features would be removed 

and replaced with dwellings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 

for the future site residents with respect to soil. The groundwater pathway for the hypothetical 

future site residents and site workers is incidental ingestion of groundwater. Uniform exposure 

was assumed for all sample locations. No VOCs were reported in AOC 671 groundwater samples 

at concentrations exceeding residential RBCs; therefore, the inhalation of volatiles pathway was 

not addressed for this site. Table 10.1.12 presents the justification for exposure pathways assessed 

in this HHRA. 
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Table 10.1.n 
AOC 671 

Exposure Pathways Summary 

Potentially Exposed Medium md Pathwny Selected 
Population Exposure Pathwny for Evaluation? Reason for Selection or Exclusion 

Current Land U m  

Current Users (Site Air. Inhalation of gaseous No Fate and transport rcrcming did not idqtify 
Workcts) conaminants emanating from any COPCs for this indirect expasun 

scnf pathway, 

Air, Inhalation of chemicals No This exposure pathway was considered 
entrained in fugitive dust insignificant compared to the other pathways. 

W o w  groulrdwaLer, Ingestion No Shllow grotmiwater i s  not curmt ly  used as a 
of contamioants duriag potable sour& of potable a t  mn-tesidenW w a m  at 
or gencml use AQC 671. 

Shallow groundwater, No Shallow groundwater is not currently used as a 
Inhalation of volatilized shallow source of potable or non-residential water at 
groundwater contaminants AOC 671. 

%il. lncidental ingestion No (QdifA} 'Future site use is  considered conservatively 
representative of current site use. 

Soil, D e d  contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses 

Future Site Residents Air. Inhalation of gaseous No Fate and transport screening did nat identify 
(Chifd mi Adult). Future co-(S emanating from any COPCs for this indirect exposure pathway. 
Site Worker soil 

Air. Inhalation of chemicals No This exposure pathway was considered 
entrained in fugltrve dust insigtuficant compared to the other pathways. 

W o w  groundwater, ingestion Yes SMtow groundwares is not likely to be used as 
of contnmhants during potable a mfcc of potable or non-residential w a w  at 
or gcnoral use AOC 671. This patbway was addressed as a 

conservative measure. 

Shllow groundwater, No Volatile COPCs were not identified subsequent 
Inhalation of volatilized to risk-based screening comparisons. 
contaminanis durlng domestic 
Use 

Soil. Incidental ingestion Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Wild game or domestic No Huntingftaking of game and/or raising livestock 
animals, Ingestion of tissue is prohibited within the Charleston. South 
impacted by media Carolina. city limits. 
contamination 

Fruits and vegetables. Ingestion 
of plant tissues grown in media 

No The potential far significant exposure via this 
pathway is low relative to that of other 
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Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for data sets consisting of 

at least 10 samples. The maximum concentrations of benzo(a)pyrene equivalents and N-nitroso-di- 

n-propylamine were used as the soil pathway EPCs, because fewer than 10 samples were 

collected. A "hot spot" approach was used to account for the limited extent of identified impacts. 

Both COPCs were detected in only one of eight surface soil samples analyzed (671SB002). As 

a result, it was deemed appropriate to derive a fraction ingestedlcontacted (FI/FC) factor 

accounting for the limited areal extent of the contaminants in surface soil. This factor was 

conservatively estimated to be 0.2, indicating that the concentration reported at 671SB002 was 

representative of soil quality for more than 20% of the potential exposure area. The FIIFC factor 

was used to adjust the EPC for benzo(a)pyrene equivalents and N-nitroso-di-n-propylarnine. 

Table 10.1.13 summarizes the determination of the groundwater EPC. Four shallow monitoring 

wells were originally installed at this site and sampled once a quarter for four quarters. Current 

EPA guidance favors the arithmetic mean in the most concentrated area of the plume as the EPC 

for groundwater COPCs. Groundwater COPCs cannot be associated with a single distinct plume. 

Instead, each COPC was assigned to its own "plume". In each case, a separate plume is defined 

by the monitoring well which produced the highest concentration for a given COPC. The EPC 

is calculated as the arithmetic mean of the four quarters of data from the same well. For example, 

the maximum arsenic detection (0.042 mgIL) was from monitoring well 671003 sampled during 

the second quarter. The first-quarter sample from this monitoring well had arsenic at a 

concentration of 0.0314 mgIL, the third-quarter sample from this monitoring well had an arsenic 

concentration of 0.0288 mgIL, and the fourth-quarter sample was 0.0389 mgIL. The data from 

the four quarters (0.0314, 0.042, 0.0288, and 0.0389 mgIL) yield an average of 0.0353 mg/L, 

which was used as the EPC for arsenic. This same approach was used for thallium, manganese 

and mercury. 
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Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.1.14 and 10.1.15, 

respectively. 

Groundwater 

CDIs for the groundwater pathway are shown in Table 10.1.16. 

10.1.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.1.17 

presents toxicological information specific to each COPC identified at AOC 671. This information 

was used in the quantification of risWhazard associated with soil and groundwater contaminants. 

A brief toxicological profile for each COPC is provided in the following paragraphs. 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neuroIogical deficits, anemia, and 

cardiovascular effects (Klaasen, et al., 1986). USEPA set 0.3 pglkg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the nervous 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which established the 1.5 (mglkg-day)-' SF. As listed in IRIS, the basis for the 

classification is sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation. Also, increased 

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 
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arsenic. Human milk contains about 3 pg/L arsenic. The tap-water RBC for arsenic is 

0.045 pg/L. As listed in IFUS, the critical effect of this chemical is hyperpigmentation, keratosis, 

and possible vascular complications. The uncertainty factor was determined to be 3 and the 

modifying factor was determined to be 1. 

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Dibeuz(a, h)anthracene 

Indeno(l,2,3-cd)pyrene 

TEF 0.1 

TEF 0. I 

TEF 0.01 

TEF 1.0 

TEF 0.001 

TEF 1.0 

TEF 0.1 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RDs for these PAHs due to a lack of data. 

All PAHs listed above are classified by USEPA as I32 carcinogens, and their carcinogenicity is 

addressed relative to that of benzo(a)pyrene, which has an oral SF of 7.3 (mgfkg-day)-'. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been classified as such due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar, 

soot, cigarette smoke). As listed in IRIS, human data specifically linking benzo(a)pyrene to a 



Zone I RCRA Facility Investigation Repon 
Charleston Naval Complex 

Section 10 - Sire-Specific Evaluanuanom 
Revision: 0 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section provides information on three aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 

presented as the risk per mglkgday. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per pg/rn3 air breathed. The third form, in which risk is 

presented, is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 
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a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma I 

assay in mice. BenzoQfluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 2 

3 

Mercury occurs in three forms: elemental, organic, and inorganic. The major source of this 4 

element is the degassing of the earth's crust. Target organs of inorganic mercury include the 5 

kidney, nervous system, fetus, and neonate. In other words, this inorganic can be toxic to a fetus 6 

if the mother is exposed during pregnancy. Mercury is toxic to all cells in the body - it binds to 7 

enzymes in the cells and disrupts their function, usually causing the cell to be useless or die. 8 

Because this inorganic is concentrated in the kidney prior to excretion, the kidney is a major target 9 

organ for mercury ingestion. The primary target of mercury vapor is the brain. Some forms of lo 

mercury are drawn toward fats in the body (such as the nervous system), where the form is 11 

changed into its toxic form. This causes the nervous disorder known as Minimata disease, which 12 

results from overexposure to mercury through ingestion of contaminated fish. The fish ingested 13 

inorganic mercury fiom an industrial discharge, and the inorganic form was metabolized to 14 

organic mercury. USEPA set mercury's RfD to 0.0003 mgikgday (inorganic form) and its 15 

inhalation RfC is 8E-05 mglkg-day (elemental form). Mercury is liquid at room temperature, and 16 

is poorly absorbed in this form if ingested. Typical daily exposure is less than 1 pg/l-day 17 

(Klaasen, et al., 1986; Dreisbach, et al., 1987). 18 

Manganese is an essential nutrient, but chronic exposure (0.8 mgfkg-day) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986); 

Dreisbach et al., 1987). USEPA determined the RfB to be 0.14 mgfkg-day based on dietary 

uptake. USEPA recommended using a modifying factor of 3 when estimating intake from soil and 

water. In addition, the body roughly absorbs twice as much manganese in water as it does 

manganese in food. Because of the different uptake rates in water and food, two RfDs were used 

in this HHRA - one for water and one for food. The RfDs used are 0.047 and 0.023 mglkg-day, 
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respectively. Inhalation of manganese dust causes neurological effects and increased incidence of 

pneumonia. An inhalation RfD was set to 1.43E-05 mglkgday. According to USEPA, 

manganese cannot be classified as to its carcinogenicity. Therefore, its cancer class is group D. 

As listed in IRIS, this classification is based on studies that are inadequate to assess the 

carcinogenicity of manganese. Manganese is considered essential to human health, the typical 

vitamin supplement dose is 2.5 mglday. As listed in IRIS, the critical effects of this chemical in 

water in the oral summary are CNS effects. The uncertainty factor was 1 and the recommended 

modifying factor of 3 was used to estimate soil and groundwater intake. This chemical critically 

affects the CNS. As listed in IRIS, its critical effect in the inhalation summary neuro behavioral 

is impairment. For inhalation uptake, the uncertainty factor was 1,000 and the modifying factor 

was 1, The IRIS RfC is 5E-05 mg/m3. 

N-Nitroso-di-n-propylamine is a USEPA B2 carcinogen. This semivolatile organic compound was 

determined to be a carcinogen in two species and a mutagen. As listed in IRIS, the basis for the 

classification is increased tumor incidence at multiple sites in two rodent species and in monkeys 

administered the compound by various routes. The respiratory system and liver were determined 

to be the primary sites for cancer caused by this compound. USEPA determined the SF to be 

7.0 (mglkg-day)'' . 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, uses now prohibited. This element remains in the body for 

a relatively long time, and could accumulate if the chronic dose is large. USEPA'S RfD for 

thallium is 0.00008 mglkgday (Klaasen, et aI., 1986; Dreisbach, et al., 1987). The uncertainty 

factor for thallium is 3,000. 
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Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.1.18 and 10.1.19 present the 

computed carcinogenic risks and/or HQs associated with incidental ingestion of and dermal contact 

with site surface soils, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for AOC 671 surface 

soil is 3E-06, The dermal pathway ILCR is 1E-06. Benzo(a)pyrene equivalents were the primary 

contributor for each pathway. No noncarcinogenic COPCs were identified in AOC 671 surface 

soil; thus, no hazard indices were computed. 

Future Site Workers 

Site worker ILCRs are 4E-07 and 6E-07 for the ingestion and dermal contact pathways, 

respectively. No noncarcinogenic COPCs were identified in AOC 671 surface soil; thus, no 

hazard indices were computed. 

The entire AOC 671 area is an asphalt parking lot near Pier Q. Current site users have little 

chance of exposure to affected surface soil. Location 671SB002 is beneath an asphalt surface. 

As a result, the risWhazard projections discussed above are considered gross overestimates, should 

existing site features be maintained under future-use scenarios. 
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Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both residential and site worker 

scenarios. The ingestion exposure pathway was evaluated assuming the site groundwater will be 

used for potable and/or domestic purposes and that an unfiltered well, drawing from the 

corresponding water-bearing zone, will be installed. For noncarcinogenic contaminants evaluated 

relative to future site residents, hazard was computed separately for child and adult receptors. 

Table 10.1.20 presents the risk and hazard for the ingestion pathway. Since no VOCs were 

identified as COPCs in groundwater at AOC 671, the inhalation pathway was not addressed at this 

site. 

Hypothetical Site Residents 

Arsenic is the sole contributor to ILCR projections associated with the groundwater ingestion 

pathway. The ILCR for the future residential scenario is 8E-04. The hazard indices for the adult 

and child resident are 7 and 15, respectively. Arsenic, thallium, mercury, and manganese were 

primary contributors to HI projections for the ingestion pathway. 

Future Site Workers 

The groundwater pathway risk for the site worker scenario is 2E-04 and the hazard index is 2. 

Arsenic was the sole contributor to ILCR projections and the primary contributor to HI projections 

for the groundwater ingestion pathway. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for AOC 67 1 or other Zone I 

areas. In the absence of a completed exposure pathway, no threat to human health is posed by 

reported shallow groundwater quality. 
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COCs Identified 

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard 

projected for this site. USEPA has established a generally acceptable risk range of 1E-04 to 1E- 

06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 

considered to be any chemical contributing to a cumulative risk level of 1E-06 or greater and/or 

a cumulative hazard index above 1.0, if its individuaf ILCR exceeds 1E-06 or its hazard quotient 

exceeds 0.1. For carcinogens, this approach is relatively conservative because a cumulative risk 

level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA Region IV as the 

trigger for establishing COCs. The COC selection method was used to more cornprehensive1y 

evaluate chemicals contributing to carcinogenic risk or noncarcinogenic hazard during remedial 

goal options development. Table 10.1.21 summarizes the COCs identified for AOC 671 surface 

soil and groundwater. 

Future Site Residents 

Surfiuce Soil 

Benzo(a)pyrene equivalents were identified as COCs for this scenario based on their contribution 

to cumulative residential ILCR projections. 

No COCs were identified in AOC 67 1 surface soil based on contribution to cumulative residential 

HI projections. 

Future Site Workers 

No COCs were identified for this scenario based on the cumulative ILCR and hazard index 

projections. 
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The extent of the COC identified in surface soil is briefly discussed below. Because it was 

reported at only one location, it is apparent that impact to surface soil was extremely limited. The 

FI/FC factor of 0.2 was conservatively estimated based on the distance between sampling points 

and the total potential exposure area. Asphaltic materials directly overlie location 671SB002. 

Although sampling methods attempted to preclude or minimize asphaltic materials in the borehole, 

it is possible that these materials could have served as a source of cPAHs if fragments were 

entrained in underlying soil during boring advancement. 

Groundwater 

Future Site Residents 

Arsenic was identified as a groundwater pathway COC based on its contribution to cumulative 

residential ILCR projections. Arsenic, mercury, manganese, and thallium were identified as 

groundwater pathway COCs based on their contribution to cumulative residential HI projections. 

Future Site Workers 

Arsenic was identified as a groundwater pathway COC based on its contribution to cumulative 

industrial ILCR projections. Arsenic, mercury, manganese, and thallium were identified as 

groundwater pathway COCs based on their contribution to cumulative industrial HI projections. 

Arsenic was detected at a concentration exceeding its tap-water RBC (0.045 pg/L) in nine 

groundwater samples. Four samples exceeded Arsenic's background value (23 pg/L). Its 

maximum reported concentration did not, however, exceed its MCL of 50 pglL. Mercury was 

detected at a concentration exceeding its tap-water RBC (1.1 pg/L) and its MCL (2 pg/L) in one 

fourth-quarter groundwater sample (671003). Manganese was detected at a concentration 

exceeding its tap-water RBC (73 pglL) in all 16 groundwater samples. No samples exceeded the 

background value (5,430 wg/L) for manganese. Thallium was detected at a concentration 
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exceeding its tap-water RBC and MCL in two fourth-quarter groundwater samples. In samples 

67 1001 and 671003, thallium exceeded its RBC of 0,26pg/L and its MCL (2 pglL). 

10.1.6.6 Riskuncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highIy protective and would tend to overestimate exposure. The 

area impacted by COPCs is covered by an asphalt surface, which precludes exposure to affected 

surface soil. Current site workers are not exposed to site groundwater. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industriaf use of Zone I, 

specifically as a marine cargo terminal. If this area were to be used as a residential site, the 

current buildings would be demolished, asphalt surface removed, and the surface soil conditions 

would Iikely change - the soils could be covered with landscaping soil, and/or houses. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 

generally overestimate the risk and hazard posed to current site workers and future site residents, 

Shallow groundwater is not currently used at AOC 671 for potable or industrial purposes. A 

basewide system provides drinking and process water to buildings throughout Zone I. This system 

is slated to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

screening scenario established for this site associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 
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Determination of Exposure Point Concentrations 

No UCLs were calculated for COPCs in surface soil because fewer than 10 samples were analyzed 

for identified COPCs. The maximum concentration of benzo(a)pyrene equivalents and N-nitroso- 

di-n-propylamine were applied as the EPC and modified in accordance with the "hot spot" 

approach. 

The 95 % UCLs or arithmetic means of the detected concentrations were applied as the EPCs for 

groundwater COPCs. Region TV guidance states that the average concentration of each COPC in 

the most concentrated area of the plume should be used as the EPC. Since a plume cannot be 

readily defined, this guidance applies only marginally. Groundwater data variability contributes 

greatly to uncertainty through spatial variability. Ninety-five percent UCLs were calculated to 

provide point estimates for groundwater to account for this uncertainty, thus providing an upper 

bound estimate for modeling exposure. For any given COPC, the placement of monitoring wells 

in uncontaminated areas of the aquifer could cause a low bias on the 95 % UCL. As a result, the 

arithmetic mean of detected concentrations in the most concentrated plume area was compared to 

the 95 % UCL and the larger value was selected as the EPC. To address any uncertainty regarding 

the method used to calculate groundwater EPCs, risWhazard maps were included in the risk 

summary section. The maps also provide additional perspective. 

Frequency of Detection and Spatial Distribution 

Suflace Soil 

Benzo(a)pyrene equivalents and N-nitroso-di-n-propylamine were detected in only one of eight 

surface soil samples collected (671SB002). This sample was collected north of the western UST 

at AOC 671, directly beneath an asphalt surface. As a result, it was deemed appropriate to derive 

FIIFC accounting for the limited areal extent of the contaminants in surface soil. This factor was 

conservatively estimated to be 0.2, indicating that the concentrations reported at 671SB002 were 

representative of soil quality for more than 20% of the potential exposure area. The FIIFC factor 
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was used to adjust the EPC for both compounds. The fraction ingested from contaminated source 

was considered in the exposure calculations at AOC 671. It is based on the spatial distribution and 

frequency of detection for each COPC. Further sampling in the area of the surface soil location 

reported to be impacted would likely serve to further reduce the FIlFC factor, and thus exposure 

estimates. 

Groundwater 

Arsenic exceeded its tap-water RBC in nine groundwater samples. The four quarterly samples 

from well 671003 exceeded the background value established for arsenic. Mercury exceeded its 

tap-water RBC and MCL in one well (671003). Manganese exceeded its tap-water RBC, but was 

below background in all 16 groundwater samples. Thallium was detected in two samples from the 

fourth-quarter sampling event. These two concentrations exceeded thallium's tap-water RBC and 

MCL. 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors that have affected the uncertainty of this assessment 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration within 10% of its RBC. This minimizes the likelihood of potentially significant 

cumulative risklhazard based on the eliminated CPSSs. Concentrations of aluminum, arsenic, and 

manganese exceeded their RBCs, but not their background concentrations. Therefore, they were 

eliminated from formal assessment based on comparisons to corresponding background 

concentrations. 
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Central tendency (CT) analysis was not formally performed for AOC 671 surface soil, but a 

simplified approach was taken to assess the potential influences of CT assumptions. The central 

tendency assumption for residential exposure duration is nine years compared to the 30 year 

assumption for the reasonable maximum exposure (RME) . The CT exposure frequency assumption 

is 234 dayslyear compared to 350 dayslyear RME. If all other exposure assumptions remain 

fixed, application of the CT exposure duration and frequency would result in risk projections 80 % 

below the RME. At CT, the residential surface soil pathway-related risk (incidental ingestion and 

dermal contact) would drop from 5E-06 to 1E-06. 

Although AOC 671s future land use is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. Current base reuse plans call for conversion of the area 

to a marine cargo terminal. As previously discussed, it is likely that these scenarios would lead 

to overestimates of risk and/or hazard. 

Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at concentrations close to its 

RBC (e.g. within 10% of its RBCs). 

Groundwater is not currently used as a potable water source at AOC 671, or in the surrounding 

area. Municipal water is readily available. As mentioned previously, it is highly unlikely that the 

site will be developed as a residential area, and it is unlikely that a potable-use well would be 

installed onsite. If residences were constructed onsite and an unfiltered well were installed, it is 

probable that salinity and dissolved solids would preclude this aquifer from being an acceptable 

potable water source. 
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Background-Related Risk 

Soil 

Aluminum, arsenic, and manganese were detected in AOC 671 surface soil at concentrations 

exceeding their RBCs. These elements were eliminated from consideration in the risk assessment 

based on comparison to corresponding background values. It is not unusual for naturally 

occurring or background concentrations of some elements to exceed risk-based concentrations. 

It is the risk assessment's function to identify excess risk andlor hazard, or that which exceeds 

background levels. The following discusses of the residential scenario risklhazard associated with 

background concentrations of aluminum and arsenic. 

Aluminum: The maximum surface soil concentration of aluminum (12,900 mglkg) for AOC 671 

equates with hazard quotients of 0.2 and 0.009 for the residential child and site worker, 

respectively. The background value for aluminum (27,400 mglkg) results in hazard quotients of 

0.4 and 0.02 for the residential child and site worker, respectively. 

Arsenic: The maximum surface soil concentration of arsenic (8.3 mglkg) equates with ILCRs of 

2E-05 and 3E-06 for the residential and site worker scenarios, respectively. The maximum 

reported concentration of arsenic equates with hazard quotients of 0.4 and 0.02 for the residential 

child and site worker, respectively. The background value for arsenic (21.6 mglkg) equates with 

ILCRs of 6E-06 and 8E-06, and hazard quotients of 1 and 0.05 for the residential and site worker 

scenarios, respectively. 

Manganese: The maximum surface soil concentration of manganese (213 mgikg) equates with 

hazard quotients of 0.06 and 0.01 for the residential child and site workers, respectively. The 

background value for manganese (419 mglkg) results in hazard quotients of 0.06 and 0.01 for the 

residential child and site worker, respectively. 
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Groundwater 

Of the CPSSs screened and eliminated from formal assessment, none was reported at 

concentrations within 10% of its RBC. 

10.1.6.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 671 were assessed for the future site worker 

and the future site resident under reasonable maximum exposure assumptions. In surface soils, 

the incidental ingestion and dermal contact pathways were assessed in this HHRA. The ingestion 

pathway was assessed for groundwater. Table 10.1.22 summarizes risk for each pathway/receptor 

group evaluated for AOC 67 1.  

Soil - Residential Scenario 

The residential soil pathway COCs identified for AOC 671 are BEQs. Figures 10.1.13 and 

10.1.14 illustrate point risk and hazard estimates for AOC 671 based on surface soil exposure 

pathways under a future residential scenario. Table 10.1.23 summarizes the risk and hazard 

contribution of each COPC at each sample location. This point risk map (Figure 10.10.13) is 

based on the unlikely assumption that a potential future site resident will be chronically exposed 

to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful because they allow the reader 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 

Only one sample location yielded ILCRs that were greater than 1E-06 (671002). Benzo(a)pyrene 

equivalents were the primary contributors to risk at 67 1002 while n-nitrosodi-n-propylamine was 

a secondary contributor. Noncarcinogenic COCs were not identified for surface soils at AOC 67 1 ; 

therefore, HIS were not calculated. 
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Table 10.1.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 671 
Charleston Naval Complex 
Charieston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 

671 001 No COPCs NA NA 

671 002 Benzo(a)pyrene Equivalents 1090 UGIL NA 18.05 
N-Nitroso-di-n-propylamine 340 UGIL NA 5.40 

Total NA 23.45 

671 003 No COPCs 

671 004 No COPCs 

671 005 No COPCs 

671 006 No COPCs 

671 007 No COPCs 

671 008 No COPCs 

671 009 No COPCs NA NA 

671 010 No COPCs NA NA 
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Soil - Site Worker Scenario 

No COCs were identified for the site worker soil pathway scenario. Figure 10.1.15 illustrates 

point risk estimates for AOC 671 based on soil exposure pathways under a future site worker 

scenario. Table 10.1.24 summarizes the risk and hazard contribution of each COPC at each 

sample location. 

Only one sample location yielded an ILCR greater than 1E-06 (671002). Benzo(a)pyrene 

equivalents were the primary contributor to risk at 671002, while n-nitroso-di-n-propylamine was 

a secondary contributor. Noncarcinogenic COCs were not identified in surface soils at AOC 671; 

therefore HIS were not calculated. 

Groundwater - Residential Scenario 

Arsenic, manganese, mercury, and thallium were identified as groundwater pathway COCs. As 

shown in Table 10.1.25 and Figure 10.1.16, arsenic was the sole contributor to risk projections 

for AOC 671 groundwater pathways. Risk estimates ranged from 2E-04 (67100402) to 9E-04 

(67 100302), with a mean ILCR of 3E-04. Arsenic, manganese, mercury and thallium were the 

primary contributors to HI projections. Figure 10.1.17 illustrates point hazard estimates for 

groundwater for the residential scenario. Hazard estimates ranged from 0.7 (67100203) to 23 

(67100304), with a mean hazard index of 5. 

Groundwater - Industrial Scenario 

Arsenic, mercury, manganese, and thallium were identified as groundwater pathway COCs. As 

shown in Table 10.1.26 and Figure 10.1.18, arsenic was the sole contributor to risk projections 

for AOC 671 groundwater. Risk estimates ranged from 1E-04 (67100402) to 4E-04 (67100302), 

with a mean ILCR of 1E-04. Arsenic, manganese, mercury, and thallium were the primary 

contributors to HI projections. Figure 10.1.19 illustrates point hazard estimates for groundwater 

for the industrial scenario. Hazard estimates ranged from 0.5 (67100203) to 7 (67100304), with 

a mean hazard index of 2. 





Table 10.1.24 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 671 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 

671 001 No COPCs NA NA 

671 002 Benzo(a)pyrene Equivalents 1090 UGIL NA 3.67 
N-Nitroso-di-n-propylamine 340 UGIL NA 1.10 

Total NA 4.77 

671 003 No COPCs NA NA 

671 004 No COPCs NA NA 

671 005 No COPCs NA NA 

671 006 No COPCs NA NA 

671 007 No COPCs NA NA 

671 008 No COPCs NA NA 

671 009 No COPCs NA NA 

671 010 No COPCs NA NA 



Table 10.1.25 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 671 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

671 001 01 Manganese (Mn) 908 UGIL 1.081 NA 
Total 1.081 NA 

671 001 02 Manganese (Mn) 1000 UGIL 1.190 NA 
Total 1.190 NA 

671 001 03 Arsenic (As) 
671 001 03 Manganese (Mn) 

671 001 04 Thallium (TI) 
671 001 04 Manganese (Mn) 

tO.l UGL 2.152 225.32 
666 UGIL 0.793 NA 

Total 2.945 225.32 

5.5 UGR 4.395 NA 
640 UGR 0.762 NA 

Total 5.157 NA 

671 002 0 1 Manganese (Mn) 659 UGL 0.785 NA 
Total 0.785 NA 

671 002 02 Manganese (Mn) 

671 002 03 Manganese (Mn) 

671 002 04 Manganese (Mn) 

671 UG/L 0.799 NA 
Total 0.799 N A 

622 UGR 0.740 NA 
Total 0.740 N A 

679 UGIL 0.808 N A 
Total 0.808 NA 

671 003 01 Arsenic (As) 31.4 UG/L 6.691 700.51 
671 003 01 Manganese (Mn) 780 UG/L 0.929 N A 

Total 7.620 700.51 

671 003 02 Arsenic (As) 
671 003 02 Manganese (Mn) 

671 003 03 Arsenic (As) 
671 003 03 Manganese (Mn) 

671 003 04 Arsenic (As) 
671 003 04 M e r U r ~  (Hg) 
671 003 04 Manganese (Mn) 
671 003 04 Thallium (TI) 

671 004 01 Arsenic (As) 
671 004 01 Manganese (Mn) 

671 004 02 Arsenic (As) 
671 004 02 Manganese (Mn) 

671 004 03 Arsenic (As) 
671 004 03 Manganese (Mn) 

671 004 04 Arsenic (As) 
671 004 04 Manganese (Mn) 

42 UG/L 8.950 936.99 
871 UG/L 1.037 N A 

Total 9.987 936.99 

28.8 UGlL 6.137 642.50 
743 UGlL 0.885 NA 

Total 7.022 642.50 

38.9 UGIL 8.289 867.83 
37.9 UGIL 8.076 N A 
752 UGIL 0.895 N A 
6.6 UGfL 5.274 N A 

Total 22.535 867.83 

17.2 UGlL 3.665 383.72 
668 UGlL 0.795 N A 

Total 4.460 383.72 

9.5 UGA 2.024 211.94 
606.5 UGL 0.722 N A 

Total 2.746 21 1.94 

9.9 UGlL 2.1 10 220.86 
467 UG/L 0.556 NA 

Total 2.666 220.86 

10.4 UGlL 2.216 232.02 
581 UGIL 0.692 N A 

Total 2.908 232.02 
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Table 10.1.26 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Industrial Scenario 
AOC 671 
Charleston Naval Complex 
Charleston. South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

671 001 Ot Manganese (Mn) 908 UGlL 0.773 NA 
Total 0.773 NA 

671 001 02 Manganese (Mn) 1000 UGL 0.851 NA 
Total 0.85f N A 

671 001 03 Arsenic (As) 10.1 UG/L 0.659 105.88 
671 001 03 ~ a n ~ a n e s ~  (Mn) 666 UGA 0.567 NA 

Total 1.226 105.88 

671 001 04 Thallium (TI) 
671 001 04 Manganese (Mn) 640 UGL 0.545 NA 

Total 1.890 NA 

671 002 01 Manganese (Mn) 659 UGR 0.561 NA 
Total 0.561 NA 

671 002 02 Manganese (Mn) 671 UGA 0.571 NA 
Total 0.571 NA 

671 002 03 Manganese (Mn) 622 UGFL 0.529 NA 
Total 0.529 NA 

671 002 04 Manganese (Mn) 679 UGlL 0.578 N A 
Total 0.578 NA 

671 003 01 Arsenic (As) 31.4 UGlL 2.048 329.19 
671 003 01 Manganese (Mn) 780 UGlL 0.664 N A 

Total 2.712 329.19 

671 003 02 Arsenic (As) 42 UGIL 2.740 440.31 
671 003 02 ~an~anese .  (Mn) 871 UGIL 0.741 N A 

Total 3.481 440.31 

671 003 03 Arsenic (As) 
671 003 03 Manganese (Mn) 

28.8 UGlL 1.879 301.93 
743 UGIL 0.632 N A 

f otal 2.51 1 301.93 

671 003 04 Arsenic (As) 
671 003 04 Mercury (Hg) 
671 003 04 Manganese (Mn) 
671 003 04 Thallium (TI) 

38.9 UGlL 2.538 407.81 
37.9 UGIL 2.472 N A 
752 UGIL 0.640 NA 
6.6 UGlL 1.614 NA 

Total 7.264 407.81 

671 004 01 Arsenic (As) 17.2 UGIL 1.122 180.32 
671 004 01 Manganese (Mn) 668 UGIL 0.568 NA 

Total 1.690 180.32 

671 004 02 Arsenic (As) 9.5 UGlL 0.620 99.59 
671 004 02 Manganese (Mn) 606.5 UGA 0.516 NA 

Total 1.136 99.59 

671 004 03 Arsenic (As) 
671 004 03 Manganese (Mn) 

9.9 UGIL 0.646 103.79 
467 UGlL 0.397 N A 

Total 1.043 103.79 

671 004 04 Arsenic (As) 10.4 UGlL 0.678 109.03 
671 004 04 Manganese (Mn) 581 UGL 0.494 NA 

Total 1.173 109.03 
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10.1 -6.8 Remedial God Options 

Soil 

RGOs for carcinogens were based on the lifetime-weighted average for a site resident, as presented 

in Table 10.1.27 for surface soil. No hazard-based RGOs were necessary, 

Groundwater 

Groundwater RGOs based on the site resident and site worker scenarios are shown in 

Table 10.1.28 and Table 10.1.29 respectively. 

10.1.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 671, COCs 

requiring further evaluation through the CMS process have been identified for surface soif and 

groundwater. The site is currently in a moderately developed urban setting and risk to human 

health was evaluated under both the residential and industrial (site worker) scenarios. For these 

scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. Hazard 

was evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact 

scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater andlor a cumulative hazard index above 1.0, if its 

individual risk exceeds 1E-06 or its hazard quotient exceeds 0.1. 

BEQ and n-nitroso-di-n-propylamine were identified as soil pathway COCs for AOC 671, while 

arsenic, manganese, mercury, and thallium were identified as the groundwater COCs. 

Table 10.1.30 presents cumulative and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for surface soil and groundwater are presented in Tables 10.1.27, 

10.1.28, and 10.1.29. Potential corrective measures for soil are presented in Table 10.7.3 1. 

10.1. I21 
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TaMe 10.1.30 
AOC 671 

Curnulalive and Chemical-Specific Exposure Risks and Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residential 

Soil 

BEQs 

Groundwater 

Arsenic 1.9E-4 8.2E-4 1.2 7.7 

Manganese ND ND 0.48 3.2 

Mercury ND ND 0.31 2.0 

Thallium 

Cumulative 1.9E-4 8.28-4 2.33 15.1 

Note: 
ND = Not detected 

Table 10.1.31 
AOC 671 

Potential Corrective Measures 

Medium Compounds Potential Corrective Measures 

Soil BEQs, N-ntirosodi-n-propytarmne a) No action 
b) Excavate, offsite disposal, and monitoring 
C) Containmentlcapping 

Groundwater Arsenic. Manganese, Mercury. Thallium a) No action 
b) Monitoring 
c) Ex-situ physicallchemical treatment and discharge to P O W  
d) Ex-situ physicallchemical treatment and discharge through NPDES 
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10.2 AOC 672, Substation (Building 126) and AOC 673, Paint and Oil Storehouse 
(Building 169) 

AOC 672 is the electrical substation in Building 126. This high-voltage substation was constructed 

in 1947 and modified in 1950. The structure is a single-story concrete-block building with a 

concrete floor and roof. A fenced area at the building's northwest corner enclosed several 

transformers which were mounted on a concrete pad, but have since been removed. The building 

area contains several high-voltage switches and breakers. Present equipment is non PCB, but 

historic equipment may have contained PCB dielectric fluid or PCB contaminated fluids. 

AOC 673 is Building 169, a single-story, concrete-block structure constructed in 1949. Building 

169 was once used to store paints, oils, and solvents associated with painting operations. In later 

years it was used to store fire-fighting equipment. 

The combined AOC 6721673 area is located in a paved parking area between Piers P and Q. 

Materials of concern, identified in the final RFI work plan, include dielectric fluids, paints, oils, 

solvents, VOCs, and hydrocarbons. Potential receptors include site workers who perform invasive 

activities which might bring them in direct contact with subsurface contaminants. The ecology 

of the Cooper River is also a potential receptor. 

To fulfill CSI objectives and confirm the presence of contamination resulting from onsite activities, 

soil and groundwater were sampled in accordance with the final RFI work plan, as described in 

Section 3 of this report. 

10.2.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at the AOCs from the locations shown on Figure 10.2.1. The 

r) final RFI work plan proposed 10 soil samples from the upper-interval and 10 from the 



Zone I RCRA Fuciliry Investigation Repon 
Charleston Naval Complex 
Section 10 - Site-Specific Evaluanuanons 
Revision: 0 

lower-interval. All 10 first-round upper-interval samples were collected. Six of the proposed 

first-round lower-interval samples were collected. Four lower-interval samples were not collected 

because the water table was encountered at less than 5 feet bgs. All samples were submitted for 

analysis of the standard suite of parameters, which includes VOCs, SVOCs, pesticides, PCBs, 

metals, and cyanide at DQO Level IICI. Two first-round upper-interval duplicate samples were 

submitted for Appendix IX analysis at DQO Level IV. One upper-interval sample was also 

analyzed for the physical parameters CEC, chloride, sulfur, ammonia, nitrateinitrite, phosphorus, 

TOC, and total moisture. 

Second-round sampling was performed at AOC 673 to further delineate arsenic contarn*mtion 9 

discovered during the first sampling round. No second-round samples were collected at AOC 672. lo 

Four second-round soil borings (673SB007 through 673SB010) were advanced at AOC 673. 11 

Upper- and lower-interval samples were collected from each boring and analyzed for arsenic only. 12 

One second-round upper-interval duplicate sample, collected at boring 673SB010, was also 13 

analyzed for arsenic only. Table 10.2.1 summarizes the soil samples collected at AOCs 6721673. 14 

A grid-based soil boring (GDISB018) was advanced north of AOCs 672/673. Upper- and lower- is 

interval samples from this boring were analyzed for the standard suite of parameters. Results of 16 

these analyses are discussed below and presented in Appendix D. 17 

10.2.2 Nature and Extent of Contamination in Soil 18 

Organic compound analytical data for soil are summarized in Table 10.2.2. Inorganic compound 19 

analytical data for soil are summarized in Table 10.2.3. Table 10.2.4 summarizes all analytes 20 

detected in soil at AOCs 672/673. Appendix D contains the complete analytical data report for 21 

all samples collected in Zone I. 22 
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Table 10.2.1 
AOCs 6721673 

Soil Sampling Summary 

Comments 

I lX!l20195 Upper - 10 (10) Btaadard Suitc, Physical Four lower samples were not cdiected 
M/21/95 ~aramtmrs due to a water table at less than 5 feet 

hnn 
V6" 

Lower - 6 (10) Staadard Suite 

Duplicates - 2 Appendix M 

2 04/07/98 Upper - 4 

Lower - 4 

Arsenic B o w s  67388007 through 673SB010 
were added ta delineate arsenic 

Arsenic contamination identified during the 
first sampling round. 

Notes: 
( 1  = Parentheses mdicate number of samples proposed in the RFI work plan. 
Standard Suite = VOCs, SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level 111. 
Appendix M = Standard suite, plus hexthrome, dioxins, herbicides, and OP pesticides. 
Physical parameters analysis included CEC, chloride, sulfur, ammonia, nitratelnitrite, phosphoms. TOC. and total moisture. 
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Table 10.2.2 
AOCs 6121673 

Organic Compound Analytical Results for Soil (Icg/lrg) 

Number of 
Samples 

SPmple Detection RBC (upper) Exceeding 
Parameter Interval Frequency Detection Range Mevl SSL (lower) RBC or SSL 

Acetone Uppet 5/10 52.0 - 159 10s 780,000 0 
Lower 316 27.0 - 65.0 40.0 8,000 0 

Upper 4/10 4.0 - 7.0 5.5 l . 6 o a l  O 
Lower 116 3.0 3.0 6.m 0 

Semivolatile Organic Compounds 

Di-n-butylphthalate upper Sf 10 66.0 - 240 119 7 80,000 0 
L o w n  3/6 71.0 - 1% 104 2,300.000 0 

Huonnthene Upper 1/10 88.0 88.0 310,000 0 
Lower 116 190 190 2.100,000 0 

Phenanthrene Upper 1/10 83 .O 83.0 230,Oo I) 
Lower 016 ND ND 660,000 0 

Pyrene Upper 2/10 53.0 - 61.0 57.0 230.000 0 
Lower 116 130 130 2,100,OOO GI 

bis(2-Etbylhexy Dfithalate Upper 2/10 59.0 - 240 150 46,000 0 
Lower H6 120 120 L.800.000 0 

Pesticides and PCBs 

4,4'-DDD Upper 5/10 6.3 - 28.0 12.7 2.700 0 
Lowcr 216 1.4 - 4.4 2.9 8,000 0 

10110 8.2 - 240 80.2 1,900 0 
Lower Upper 116 0.43 - 5.2 2.8 27,000 0 

4.4'-DDT U W ~  71 10 4.2 - 220 59.0 1.900 0 
Lower 216 2.1 - 5.3 3.7 16,000 0 

Chlordane U P P ~  r 1/10 7.9 7.9 1,800 0 
Lower 016 ND ND 5,000 0 

Elldomifan sulfate UPFr 1110 4.0 4.0 47.000 0 
Lower 016 ND ND 4 . m  0 

Endrin Upper 1/10 5.0 5.0 2,300 0 
Lower 016 ND ND 500 0 

Endtin aldehyde Upper 11 10 2.4 2.4 2,300 0 
Lower 016 ND ND 340 0 

Upper 1/10 1.4 1.4 1 4 0  0 
Lower 016 ND ND 11.000 0 
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Table 103.2 
AOCs 6]2/673 

Organic Compound Analytid Results for Soil hg/kg) 

Number of 
samplcrr 

Sample Detection RBc (upper) Exceeding 
Parameter Interval Frequency Detection Rauge Mean SSL (lower) RBC or SSL 

Heptachlor epxide b F r  ill0 20.0 20.0 70 0 
Lower W 6  ND ND 330 0 

Methoxychlor 

alpha-BHC Upper 1/10 1.2 1 3 100 0 
Lower Of 6 ND ND 0.25 0 

Upper 1110 3.2 3.2 350 0 
Lower 016 ND ND 1.3 0 

Herbicides 

2.4-D UPP=r 112 19.0 19.0 78,000 0 
Lower WO ND NI) 370 0 

Dioxins 

2,3.7,8-TCDD equivalent U P P ~ ~  212 6.5 lE-6 - 1.42E-05 ).WE-05 4.3E-03 0 
U T Q s )  Lower Of0 ND ND 1.6 0 

OCDD Upper 2/2 5.78E-03 - 6.51E-03 6.15E43 4.3 0 
Lower 010 ND ND 1,080 0 

1234678-BpCDD upper 112 8.492-04 8.43E-04 0.43 0 
Lower 010 ND ND 108 0 

Notes: 
ND = Not Detected 
ggtkg = micrograms per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Volatile Organic Compounds in Soil 

Two VOCs, acetone and toluene, were detected in surface and subsurface soil at AOCs 6721673. 

Concentrations of these analytes did not exceed the RBCs or SSLs. 

The same two VOCs, were also detected in both surface (acetone = 58 pglkg; toluene = 40 

pglkg) and subsurface soil (acetone = 42 pglkg; toluene = 4 pglkg) samples at grid soil boring 

GDISB018 at similar concentrations. Again, concentrations of these analytes were far below their 

respective RBCs or SSLs. 

Semivolatile Organic Compounds in Soil 

Five SVOCs, di-n-butylphthalate, fluoranthene, phenanthrene, pyrene, and 

bis(2-Ethylhexy1)phthalate were detected in surface soil at the AOCs 6721673. AIl concentrations 

of these analytes were far below their respective RBCs. 

Di-n-butylphthalate, fluoranthene, pyrene, and bis(2-Ethy1hexyI)phthalate were also detected in 

subsurface soil. All subsurface SVOC concentrations were far below their respective SSLs. 

No SVOCs were detected in surface or subsurface soils at GDISBO18. 

Pesticides and PCBs in Soil 

Twelve pesticides were detected in surface soil at AOCs 6721673. Four pesticides were detected 

in subsurface soil. No pesticide concentrations in surface or subsurface soils exceeded their RBCs 

or SSLs. No PCBs were detected in surface or subsurface soils at this site. 

Five pesticides detected in surface soil were also detected in grid surface soil sample 

GDISB01801: 4,4'-DDT (6.7 ~g /kg) ,  4,4'-DDD (37 pglkg), 4,4'-DDE (74 pglkg), endrin 

(8.0 &kg), and endrin aldehyde (2.7 pglkg). These grid sample concentrations were similar to 
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those found at AOCs 672/673, and were far below the RBCs. No pesticides were detected in 

subsurface soil sample GDISB01802. No PCBs were detected in surface or subsurface soils at 

GDISB018. 

Other Organic Compounds in Soil 

The herbicide 2,4-D was detected in the surface soil duplicate sample 673SB00601, at a 

concentration far below its RBC . 

Dioxins were detected in both duplicate samples (67333300301 and 673SB00601) collected at 

AOCs 6721673. In accordance with recent dioxin guidance (USEPA Interim Supplemental 

Guidance to RAGS: Region n/ Collection, Human Health Risk Assessment, Bulletin No. 2 

[USEPA, 1995~1) and Section 7 of this report, the TEQs were calculated as 6.51E-06 and 1.4E-05 

pgfkg for samples 673SB00301 and 673SB00601, respectively. These TEQs are far below the 

RBC of 4.3E-03 pglkg for 2,3,7,8-TCDD in soil. 

Inorganics in Soil 

Twenty-one metals were detected in surface soil at AOCs 6721673. Five of 14 first-round surface 

soil arsenic concentrations (673SB00101 through 673SB00501) exceeded both the RBC and 

surface soil background concentration for this analyte. The range of arsenic exceedances was 27 

to 42.9 mg/kg. Chromium (total) exceeded its RBC and surface soil background concentration 

in sample 672SB00101, at 44.1 mglkg. 

Nineteen metals were detected in subsurface soil. Arsenic exceeded its SSL and subsurface soil 

background concentration in sample 673SB01002, at 15.5 mg/kg. 

Twenty-three metals were detected in surface soil at grid soil boring GDISB018. Copper exceeded 

its RBC and surface soil background concentration, at 556 mglkg. ThalIium slightly exceeded its 
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RBC, at 0.66 mglkg. Twenty metals were detected in subsurface soil at grid soil boring 

GDISB018. All subsurface metal concentrations at GDISBOl8 were far below their respective 

SSLs and subsurface background concentrations, 

10.2.3 Groundwater Sampling and Analysis 

In accordance with the final RFI work plan, no monitoring wells were installed to characterize 

groundwater at AOCs 6721673. A shallow and deep grid-based monitoring well pair were 

sampled to characterize the zone perimeter groundwater in the vicinity of the AOCs. Wells 

GDI018 and GDI18D are located directly north and downgradient of the site. 

The shallow grid-based monitoring well was installed at 12.5 feet bgs in an upper sand layer of 

the Wando Formation. The deep grid-based well was installed at 44 feet bgs at the base of a lower 

sand layer in the Wando Formation. All wells were installed in accordance with Section 3.2.3 of 

this report. 

Samples from the grid-based well pair GDI018 and GDI18D were analyzed for the standard suite 

of parameters, plus chloride, sulfate, and TDS. Both wells were sampled during four sampling 

rounds. Results of these analyses are discussed below relative to AOCs 6721673; detailed results 

are presented in Appendix D. 

Shallow Groundwater Results 

No VOCs were detected in shallow groundwater at grid well GD1018. SVOC analyses at GDI018 

detected di-n-butylphthalate (1 pglL) during the second sampling round and benzoic acid during 

the third (2 pg/L) and fourth (1 pglL) sampling rounds. The concentrations for these analytes 

were far below their respective tap-water RBCs. Pesticide analyses from the first sampling round 

at GDI018 detected delta-BHC at a concentration (7.1 pg/L) exceeding its tap-water RBC. No 

pesticides were detected at GDI018 during subsequent sampling rounds. 
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In all, 16 metals were detected during the four sampling rounds of shallow groundwater at 

GDI018. Thallium (5.5 pglL) exceeded its tap-water RBC, MCL, and shallow groundwater 

background concentration during the third sampling round. All other metal concentrations were 

far below their respective tap-water RBCs, MCLs, and shallow groundwater background 

concentrations. 

Deep Groundwater Results 

In deep groundwater, VOC analyses from the first sampling round at GDIlSD detected 

chloroethane at a concentration (5.0 pg/L) slightly exceeding its tap-water RBC. No VOCs were 

detected during subsequent sampling rounds at GDI18D. SVOC analyses at GDI18D detected 

benzoic acid (1 pg/L) during the second sampling round and naphthalene (1 pg/L) during the third 

sampling round. The concentrations for these analytes were far below their respective tap-water 

RBCs. Pesticide analyses from the fourth sampling round at GDIl8D detected delta-BHC at a 

concentration (0.40 pglL) slightly exceeding its tap-water RBC. 

In all, 15 metals plus cyanide were detected during the four sampling rounds at deep grid well 

GDI18D. During the second sampling round, mercury (1.9 pg/L) exceeded its tap-water RBC, 

but was below its MCL. No background concentration is available for mercury in deeper 

groundwater. During the second, third, and fourth sampling rounds, thallium exceeded its 

tap-water RBC, MCL, and deep groundwater background concentration. All other deep 

groundwater metal concentrations were far below their respective tap-water RBCs, MCLs, and 

deep groundwater background concentrations. 

10.2.4 Fate and Transport Assessment 

AOC 672 is the electrical substation in Building 126. A fenced compound at the northwest corner 

used to enclose several transformers. Both Building 126 and the transformer area contain several 

high-voltage switches and breakers. AOC 673 is Building 169, which was used to store paints, 
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oils, and solvents associated with painting operations. It was also used to store fire-fighting 

equipment, The combined AOCs 6721673 area is located in a paved parking area near Pier Q. 

Environmental media sampled as part of the AOCs 672/673 investigation included surface and 

subsurface soils. Potential constituent migration pathways investigated for AOCs 6721673 include 

soil-to-groundwater and emission of volatile compounds from surface soil-to-air. 

10.2.4.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.2.5 and 10.2.6 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in surface and subsurface soil to leachability-based generic SSLs. 

The SSLs were modified from those presented in USEPA Soil Screening Guidance: Technical 

Background Document, (USEPA, 1996a), or were calculated independently assuming a dilution 

factor of 10. A DAF of 10 was chosen rather than the value of 20 used in RFI reports for some 

other CNC zones because the relatively low hydraulic conductivities and hydraulic gradients of 

Zone I result in less leachate dilution by groundwater. Where generic SSLs for organics were not 

listed in the Technical Background Document, they were calculated. Where calculated SSLs 

differed from the EPA's generic values, the EPA values were used. 

Organic Compounds 

Two organic constituents - alpha-BHC and beta-BHC - were detected in the AOC 673 surface soil 

at concentrations exceeding groundwater protection SSLs. Alpha-BHC was detected in only one 

of 10 surface samples (1.2 pglkg at 673SB005), and was not detected in any of the six subsurface 

soil samples. Figure 10.2.2 presents alpha-BHC concentrations detected at AOCs 6721673. 

Beta-BHC was detected in only one of 10 surface soil samples (3.2 pg/kg at 673SB006), and was 

not detected in any of the six subsurface soil samples. Figure 10.2.3 presents beta-BHC 

concentrations detected at AOCs 6721673, 



Table 10.2.5 
Organic Chemicals Detected in Surface Soil and Subsurface Soil 
Comparison to Cross-Media SSLs, Tap Water RBCs, and Saltwater Surface Water Chronic Screening Levels 
AOC 672/673 
Charleston Naval Complex 
Charleston, South Carolina 

Notes: 
Sources of screening concentrations appear in Table 5.5. 
Explanations of fate and wansport screening procedures appear in Section 6.2. 
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Table 10 2.2 

a - Calculated soil to groundwater SSL value (See Table 6 2) NA - Not applicable/not available 
c - Carcinogenic N D  - Not detected 
C." ljroundwater RBC - Risk-based co- ration 

SSL - Soil screenin~ 

Parameter 

Volatile Organic Compounds 
Acetone 
Toluene 

Semivolatile Organic Compounds 
Di-n-butylphthalate 
bis(2-Ethylhexy1)phthalate (BEHP) c 
Fluoranthene 
Phenanthrene 
Pyrent 

PcsticidcdPCBs 
alpha-BHC (alpha-HCH) c 
beta-BHC (beta-HCH) c 
Chlordane c 
4.4'-DDD c 
4,4'-DDE c 
4,4'-DDT c 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
HeptachIor c 
Heptachlor epoxide c 
Methoxychlor 

Herbicides 
2.4-D 

Dioxin Compounds 
2,3,7,8-TCDD equivalents (TEQs) c 
1234678-HpCDD c 
OCDD c 

N G K G  - Nanograms per kilogram 
pG/KG - Micrograms per kilogram 
P G L  - Picograms per liter 
pGL - Micrograms per liter 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

150 65 N A N A 
7 3 N A N A 

240 150 N A NA 
240 120 N A NA 
88 190 N A NA 
83 N D  N A NA 
61 130 N A NA 

1.2 ND NA N A 
3.2 N D  N A N A 
7.9 ND N A NA 
28 4.4 N A N A 

240 5.2 N A NA 
220 5.3 N A NA 

4 ND N A N A 
5 ND N A N A 

2.4 ND N A NA 
1.4 ND N A NA 
20 N D  N A N A 
I6 5.3 N A NA 

19 NA N A N A 

0.0142 N A N A N A 
0.843 N A N A NA 
6.51 N A N A NA 

Screening Concentration 
Soil to Soil to Saltwater 
GW Air Tap Water Surf Wtr 
SSL SSL RBC Chronic 

8000 I.OE+08 3700 NA 
6000 650000 750 37 

2300000 2300000 3700 3.4 
18W000 3t000000 4.8 NA 
2lOOOOO N A l 500 1.6 
660000 a N A 1100 NA 

2100000 N A 1100 NA 

0.25 800 0.01 1 1400 
1.3 1 E H 9  0.037 NA 

5000 20000 0.19 0.004 
8000 N A 0.28 0.025 

27000 N A 0.2 0.14 
16000 1 E+09 0.2 0.001 
4600 a N A 220 NA 

500 N A 11 0.0023 
340 a N A I I NA 

11000 100 0.0023 0.0036 
330 5000 0.0012 0.0036 

80000 NA 180 0.03 

370 a 7000000 61 NA 

1600 a N A 0.45 10 
108000 a N A 45 NA 

1080000a N A 450 NA 

Soil Water 
Units Units 

PGNG poh  

~ G K G  +A 

p ~ ~ o  won 
~ G K G  ~ G R  

VGKO r a  
IIGKG rW 

PGKG P G ~  

WWKC V G ~  

CWKG W G ~  

rWKG rw 

V G J K G  p a  

r m c  p a  

rWKG pGR 

PWKO  on. 
@GKG L G ~  

+KG 

rGKG v c n  

rGKG r G h  

CWKO *on 

rGKG p a  

NGKG 

NGIKG PGL 

NGKG m 

Ground- Surface 
Volatil- water Water 

Leaching ization Migration Migration 
Potential Potential Concern Concern 

N O  NO N O  N O  
NO NO N O  N O  

NO NO N O  N O  
N O  NO N O  N O  
N O  NO N O  N O  
N O  N O  N O  NO 
N O  NO N O  N O  

YES N O  N O  N O  
YES N O  N O  NO 
N O  N O  N O  N O  
N O  N O  N O  N O  
NO NO N O  N O  
NO NO N O  N O  
NO NO N O  NO 
NO NO N O  NO 
N O  NO NO N O  
N O  N O  NO N O  
N O  N O  NO NO 
N O  N O  N O  N O  

NO NO N O  NO 

N O  NO NO N O  
N O  N O  NO N O  
N O  N O  N O  N O  



Table 10.2.6 
Inorganic Chemicals Detected in Surface Soil and Subsurface Soil 
Comparison to Cross-Media SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Values 
AOCs 6721673 
Charleston Naval Complex, 
Charleston, South Carolina 

Notes: 
Sources of screening concentrations appear in Table 5.6 
Explanations of fate and transport screening procedures appear in Section 6.2. 
Frequency and range of detections, average detected concentrations, and number of screening concentration exceedances appear in Table 10.2.3. 

Background values for soil are s h o w  for comparison purposes only. 
Maximum groundwater concentrations are screened against the greater of tap water RBCs or corresponding background values to determine groundwater migration concern. 

Parameter 

Inorganic Chemicals 
Aluminum (Al) 
Arsenic (As) c 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) (total) 
Cobalt (Co) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Tin (Sn) 
Vanadium (V) 
Zinc (Zn) 

a - Calculated soil to groundwater SSL value (See Table 6.2) 
c - Carcinogenic 
GW - Groundwater 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

17900 11800 NA NA 
42.9 15.5 NA N A 
34.6 19 NA NA 
0.44 ND NA N A 

1. I ND NA N A 
44.1 34.2 NA N A 

2.4 2.7 NA NA 
30.9 18.2 NA NA 
225 11.3 NA NA 
100 77.4 NA NA 

0.34 ND NA N A 
12.3 I3 NA N A 
1.1 1.1 NA NA 
ND 0.73 NA NA 
2.9 1.8 NA NA 

34.4 28.5 NA NA 
32 1 102 NA NA 

Screening Concentration 
Soil to Soil to Tap Saltwater 
GW Soil Air Water Shallow GW Surf, Wtr 
SSL Background SSL RBC Background Chronic 

560000 a 27400 NA 37000 1440 NA 
15 21.6 750 0.045 23 36 

820 54.2 690000 2600 110 NA 
32 0.95 1300 73 I. I NA 

4 0.61 1800 18 N A 9.3 
19 51.3 270 180 14.3 50 

990 a 5.8 NA 2200 2.2 NA 
5600 a 240 NA 1500 4.4 2.9 
400 203 400 15 4.4 8.5 
480 a 419 NA 730 5430 NA 

1 0.47 10 11 NA 0.025 
65 23.9 13000 730 13.3 8.3 

2.6 1.77 NA 1 80 ND 71 
17 NA NA 180 NA 0.23 

5500 a 7.5 NA 22000 NA NA 
3000 113 NA 260 14 NA 
6200 206 NA 11000 24.4 86 

NA - Not available/Not applicable 
ND - Not detected 
RBC - Risk-based concentration 

SSL - Soil screening level 
MGKG - Milligrams per kilogram 
pGIL - Micrograms per liter 

Soil Water 
Units Units 

MGKG ~ G R  

MGKG PGR 

MGIKG V G ~ .  

MGIKG 

MGKG CG/L 

MGKG ,LG& 

MKG VGL 

MXG VGL 

MWKG PGL 

M ~ G  POL 

MGKG YOIL 

MGKG 

MGKG PG/L 

MGKG VGL 

MGKG POL 

MOKG p~ 

MGKG VG/L 

Fugitive Ground- Surface 
Particulate water Water 

Leaching Inhalation Migration Migration 
Potential Concern Concern Concern 

NO NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO N O  

YES NO NO NO 
N O  N O  NO NO 
N O  NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO N O  N O  NO 
NO NO NO NO 
N O  NO NO N O  
N O  NO NO NO 
NO NO NO NO 
NO NO NO NO 
N O  NO NO NO 
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Since the presence of alpha-BBC and beta-BHC at AOC 673 is not consistent with historical 

activities at this site, the source of these constituents at this site is unclear. The vertical 

distribution of these two pesticides is consistent with a surface application at the site or fugitive 

dust from areas of nearby application. The limited detection in only one surface soil sample for 

both alpha-BHC and beta-BHC indicates a very limited residual mass in the surface soil. The 

absence of a detection in the subsurface soil and the limited detection in the surface soil indicate 

that any residual contamination is immobilized in the surface soil, and that the soil-to-groundwater 

migration pathway is invalid at AOCs 672J673 for alpha-BHC and beta-BHC. 

Inorganic Compounds 

Two inorganics - arsenic and chromium (total) - were detected at concentrations exceeding their 

respective SSLs in both surface soil and subsurface soil. Arsenic detections were widespread, 

but concentrations were above the SSL (15 mglkg) in only five surface soil samples (673SB001 

to 673SB005) and only slightly above in one subsurface soil sample (673SB010). Figure 10.2.4 

presents arsenic concentrations detected at AOCs 672/673. Chromium detections were also 

widespread, and were above the SSL (1 9 mglkg) in all 10 surface soil samples and in five of six 

subsurface soil samples. Figure 10.2.5 presents chromium concentrations detected at 

AOCs 672/673. 

The presence of arsenic and chromium is not consistent with historical activities at AOCs 6721673, 

but both are common constituents of Zone I soils. Furthermore, the subsurface exceedance of 

arsenic and all of the exceedances of chromium (both surface and subsurface) were below the 

zone-specific background. Therefore, these concentrations are considered to be within the range 

of natural occurrence and are eliminated from further consideration in this transport evaluation. 

While these concentrations may be above a theoretical SSL, existing site conditions are not 

considered to be a potential threat to groundwater. 
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10.2.4.2 Soil-to-Air Cross-Media Transport 

Table 10.2.5 lists the VOCs detected in surface soil samples collected at AOCs 6721673, along 

with corresponding soil-to-air volatilization screening levels. No volatiles were detected that 

exceeded applicable screening levels, and the migration pathway therefore is invalid. 

10.2.4.3 Fate and Transport Summary 

Two organic constituents - alpha-BHC and beta-BHC - were detected in the AOC 673 surface soil 

at concentrations exceeding groundwater protection SSLs. Alpha-BHC and beta-BHC were 

detected in one surface soil sample each. Neither organic was detected in any of the subsurface 

soil samples. Since the presence of alpha-BHC and beta-BHC at AOC 673 is not consistent with 

historical activities at this site, the source of these constituents at this site is unclear. The limited 

detection for alpha-BHC and beta-BHC in the surface soil, and the absence of detection in the 

subsurface soil, indicate that the contaminants are immobilized in the surface soil and that the 

soil-to-groundwater migration pathway is invalid. 

Two inorganics, arsenic and chromium (total), were detected at concentrations exceeding their 

respective SSLs in both surface soil and subsurface soil. Arsenic was detected above the SSL in 

five surface soil samples and in one subsurface soil sample. Chromium was detected above the 

SSL in all 10 surface soil samples and in five of six subsurface soil samples. However, the 

subsurface arsenic exceedance and all of the chromium exceedances were below the zone-specific 

background and are therefore considered to be within the natural range of occurrence. While these 

concentrations may be above a theoretical SSL, they are eliminated from further consideration in 

this assessment in that they are not associated with the site as a source. 

The soil-to-air pathway is unsubstantiated by the data at this site and is considered invalid. 
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10.2.5 Human Health Risk Assessment 

10.2.5.1 Site Background and Investigative Approach 

The purpose of the investigation at AOCs 672 and 673 was the assessment of soil potentially 

affected by past site activities. AOC 672 is a substation located in Building 126, containing 

transformer and switch gear to support the electrical grid. The facility dates from the World War 

11 era with a modification in 1950. AOC 673 includes the Paint and Oil Storage Building 169. 

The building was once used to store paint, oils, solvents, and other support materials. In later 

years it was used to store fire-fighting equipment. The combined AOC 6721673 area is located 

in a paved parking area between Piers P and Q. 

Soil was sampled in two rounds at AOCs 672/673 from the locations shown on Figure 10.2.1. 

All 10 first-round proposed upper-interval samples were collected. Six of the proposed first-round 

lower-interval samples were collected. Four lower-interval samples were not collected because 

the water table was encountered at less than 5 feet bgs. All samples were submitted for analysis 

of the standard suite of parameters, which includes VOC, SVOCs, pesticides, PCBs, metals, and 

cyanide at DQO Level 111. Two first-round upper-interval duplicate samples were submitted for 

Appendix IX analysis at DQO Level IV. One upper-interval sample was also analyzed for the 

physical parameters CEC, chloride, sulfur, ammonia, nitratelnitrite, phosphorus, TOC, and total 

moisture. Second-round sampling was performed at AOC 673 to further delineate arsenic 

contamination discovered during the first sampling round. No second-round samples were 

coIlected at AOC 672. Four second-round soil borings (673SB007 through 673SB010) were 

advanced at AOC 673. Upper and lower-interval samples were collected from each boring and 

analyzed for arsenic only. One second-round upper-interval duplicate sample, collected at boring 

673SB010, was also analyzed for arsenic only. No groundwater sampling was performed in 

conjunction with the combined AOC 672f673 RFI. 
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10.2.5.2 COPC Identification 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.2.7, the focus of this HHRA is on two COPCs, arsenic and chromium. Arsenic and 

chromium were also identified as having concentrations consistently higher than background based 

on the results of Wilcoxon rank sum test analyses. Wilcoxon rank sum test analysis did not 

identify any other COPCs that had been screened out on the basis of background comparisons 

only, Aluminum was detected at maximum concentrations exceeding its RBC but not exceeding 

its background concentration. Therefore, this inorganic was eliminated from further consideration 

in the AOCs 672/673 HHRA. 

10.2.5.3 Exposure Assessment 

Exposure Setting 

AOC 672 is an electrical substation located in Building 126. The facility dates from the World 

War I1 era with a modification in 1950. AOC 673 includes the Paint and Oil Storage 

Building 169. The building was used to store paint, oils, solvents, and other support materials. 

The combined AOC 6721673 area is located in a paved parking area between Piers P and Q. This 

combined AOC is located in an area slated to become a marine cargo terminal, according to 

current base reuse plans. The paved surface would prevent direct contact with soil and would 

inhibit migration of potential contaminants to groundwater or air. The site is surrounded by a 

fence which inhibits access to potential trespassers. All potable water is provided through the 

city's water supply. Groundwater is not currently used as potable or process water, nor is such 

use anticipated in the future. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and future site worker exposure 

scenarios were addressed quantitatively in this risk assessment. The hypothetical hture site 

resident scenario was built on the premise that existing features would be removed and replaced 
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with dwellings. The future resident child scenario was considered to be conservatively 

representative of the adolescent trespasser. 

The future site worker scenario assumed continuous exposure to surface soils. Exposure for 

current site workers would be less than this because the existing pavement prevents direct contact 

with surface soil. Therefore, future worker scenario is considered to be conservatively 

representative of current site worker exposure. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for future site workers are the same with 

respect to soil. In addition, the future site worker scenario assumed continuous exposure to 

surface soils. Uniform exposure was assumed for all sample locations. Table 10.2.8 presents the 

justification for assessing particular exposure pathways in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs were calculated for datasets consisting of at least 

10 samples. The arsenic and chromium UCLs calculated for surface soil are presented in 

Table 10.2.9. Because the UCLs did not exceed the maximum reported concentration, the UCLs 

were applied as the EPCs to estimate soil related exposures. 

Quantification of Exposure 18 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.2.10 and 10.2.11, 19 

respectively. 20 
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Table 10.2.8 
AOCs 672 and 673 

Exposure Pathways Summnry 

Potentially Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Users (Site Air, Inhalation of gaseous No Fate and transport screening did not idenrify 
Workers) contaminants emanating from soil any COPCs for this indirect exposure pathway. 

Atr, Inhalauon of chemicals No This exposure pathway was considered 
entrained in fugitive dust ~ns~gnificant compared to the other pathways. 

Shallow groundwater, Ingestion No ShpUow grouadwater is not currently used as a 
of contaminam during potable or source of patabIe or non-residential water at 
general use combincd AOC 6W673. 

Shallow groundwater, Inhalation No Shallow groundwater is not currently used as a 
of volatilized shallow source of potable or non-residential water at 
groundwater contaminants combined AM3 672/673. - 

Soil. Incidental ingestion No (Qualified) Future site use is considered conservatively 
reprcsentativc of current s i a  use. 

Soil. Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses 

Future Site Residents Air, Inhalation of gaseous No Fate ad transport screening did not identify any 
(Child and Adult). contaminants emanating from soil COPCs for this indirect exposure pathway. 
Future Site Worker 

Air, Inhalation of chemicals No This exposure pathway was considered 
entrained in fugitive dust insignificant compared to the other pathways. 

Shallow groundwater, ingestion No Fate and vansport screening did not identify any 
of contarmnants during potable or COPCs for this indirect exposure pathway. 
general use 

Shallow groundwater, lnhalat~on No Fate and transport screening did not identify any 
of volatlltzed contamtnants COPCs for t h~s  indirect exposure pathway. 
durmg dornesttc use 

Soil, Incidental ingestion Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Soil. Dermal contact Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Wild game or domestic animals, No Hunringltaking of game a d l o r  raising livestock 
Ingestion of tissue impacted by is prohibited within the Charleston, South 
media contamination Carolina city limits. 

Fruits and vegetables, ingestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other exposure 

pathways assessed. 

I 
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10.2.5.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.2.12 

presents toxicological information specific to each COPC identified at AOCs 6721673, This 

information was used in the quantification of riskihazard associated with soil contaminants. Brief 

toxicologica1 profiles for each COPC are provided in the following paragraphs. 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et al., 1986). USEPA set 0.3 pglkg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pglkg-day in a human exposure study. The effects of arsenic on the 

nervous and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, who established the 1.5 (mglkg-day)*' SF. As listed in IRIS, the basis for the 

classification is sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation. Also, increased 

mortality fiom multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 

arsenic. Human milk contains about 3 pg/L arsenic. The tap-water RBC for arsenic is 

0.045 pg/L. As listed in IRIS, the critical effects of this chemical are hyperpigmentation, 

keratosis, and possible vascular complications. The uncertainty factor was determined to be 3 and 

the modifying factor was determined to be 1. 

Chromium exists in two stable, natural forms: CrIII and hexavalent CrVI. Acute exposure to 

chromium can result in kidney damage following oral exposure, or damage to the nasal mucosa 

and septum following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in 
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kidney and respiratory tract damage, as well as excess lung cancer in both animals and humans 

following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). 

Oral RfD values for CrIII and CrVI are 1.0 and 5E-03 (mg/kg-day), respectively. For CrVI, the 

Rfl) is based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 

inhalation exposures, and an inhalation SF of 41 (mg/kg-day)-' has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS, no critical effects were observed for CrIII. The uncertainty factor was 100 and the 

modifying factor was 10. As listed in IRIS, no critical effects were observed for CrVI. The 

uncertainty factor was 500 and the modifying factor was 1. 

10.2.5.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil was evaluated under both residential and industrial (site worker) 

scenarios. For each scenario the incidental ingestion and dermal contact exposure pathways were 

evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposures. Tables 10.2.13 and 10.2.14 present 

the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for AOC 672/673 

surface soils is 8E-05, and the dermal pathway ILCR is 9E-06. The computed hazard indices for 

the adult and child resident were 0.2 and 2, respectively, for the soil ingestion pathway. The 

dermal contact pathway hazard indices were 0.03 and 0.1 for the adult resident and the child 

resident, respectively. Arsenic was the primary contributor to both risk and hazard estimates. 
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Futtlre Site Workers 

Site worker ILCRs are 9E-06 and 4E-06 for the ingestion and dermal contact pathways, 

respectively. The hazard indices for both pathways were less than 0.1. Arsenic was the primary 

contributor to risk estimates. 

The AOC 6721673 area is almost entirely covered by an asphalt parking lot. Current site users 

have little chance of exposure to affected surface soil. Should the existing pavement remain under 

future use scenarios, the risklhazard projections presented above would be gross overestimates. 

COGS Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-06 or greater andlor a cumulative hazard 

index above 1 .O, and whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0. I. 

For carcinogens, this approach is relatively conservative, since a cumulative risk level of 1E-04 

(and individual ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The COC selection algorithm presented was used to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard 

during the development of remedial goal options. Table 10.2.15 presents the COCs identified for 

the AOC 672/673 surface soil. 

Hypothetical Site Residents (future land use) 

Arsenic was identified as the sole soil pathway COC based on its contribution to cumulative ILCR 

and HI projections. 
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Future Site Workers (current land use) 

Arsenic was identified as the sole soil pathway COC based on its contribution to cumulative ILCR 

projections. 

COC Concentrations 

To facilitate evaluation of the extent of COC concentrations, a comparison was made to the arsenic 

background concentration. Arsenic was the sole COC identified for surface soil and was detected 

in each of 14 samples collected, with a maximum concentration of 42.9 mglkg. This maximum 

concentration exceeded the background concentration of 21.6 mglkg computed for Zone I surface 

soil. The overall onsite arsenic data set was statistically higher than background as determined 

by Wilcoxon rank sum test analysis, A detailed evaluation of surface soil arsenic data shows that 

concentrations were generally elevated in the 10 samples collected at AOC 673, with a mean of 

approximately 20.5 rng/kg. The concentrations reported in the four AOC 672 samples had a mean 

of 8.35 mglkg. 

10.2.5.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias in the exposure assessments is introduced through the exposure setting 

and pathway selection due to the highly conservative assumptions (i-e., future residential use) 

recommended by USEPA Region IV. The exposure assumptions made in the site worker scenario 

are highly conservative and would tend to overestimate exposure. Current site workers are not 

exposed to site groundwater. The majority of the AOC 6721673 area is covered by asphalt, thus 

precluding exposure to affected surface soil. 

Residential use of the site is not expected or likely, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued cornmercial/industrial use of Zone I, 

and AOCs 672 and 673 are slated to become a marine cargo terminal, If this area were to be used 
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as a residential site, the buildings would be demolished, asphalt surface removed, and the surface 

soil conditions would likely change. For example, the soils would be covered with landscaping 

soil and/or a house. Consequently, exposure to current surface soil conditions would not be likely 

under a true future residential scenario. These factors indicate that exposure pathways assessed 

in this BHRA generally overestimate the risk and hazard posed to current site workers and future 

site residents. 

Determination of Exposure Point Concentration 

The exposure point concentration was set equal to the 95% UCL. This is a conservative 

assumption since it is unlikely that the 95% UCL is exceeded by the true mean concentration. 

Frequency of Detection and Spatial Distribution 

Arsenic, the sole COC identified at AOC 6721673, was detected in each of the 14 surface soil 

samples colIected. In general, the concentrations reported in AOC 672 samples were considerably 

lower than those at AOC 673. The apparent bimodal pattern for arsenic suggests that former 

operations at AOC 673 may have been a source Although not consistent with historical use. 

Quantification of RiskIHazard 

The uncertainty inherent in the risk assessment process is great. In addition, many site-specific 

factors affect the uncertainty of this assessment and cause upward bias in the risk and hazard 

estimates. Exposure pathway-specific sources of uncertainty are discussed below. 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to its corresponding RBC (i.e., within approximately 10% of the RBC). This 

minimizes the likelihood of potentially significant cumulative risWhazard based on the eliminated 

CPSSs. Aluminum exceeded its RBC, but it was eliminated from formal assessment because it 

did not exceed its background concentration. 
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Although the future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discussed, these scenarios lead to 

overestimates of risk andlor hazard. 

Central tendency analysis was not formally performed for AOC 6721673 surface soil, but a 

simplified approach was taken to assess the potential influences of CT assumptions. The CT 

assumption for residential exposure duration is nine years, compared to the 30 year assumption 

for M E .  The CT exposure frequency assumption is 234 dayslyear, compared to 350 dayslyear 

RME. If all other exposure assumptions remain fmed, application of the CT exposure duration 

and frequency would result in risk projections 80% below the RME. At CT, the residential 

surface soil pathway-related risk (incidentaI ingestion and dermal contact) would drop from 9E-05 

to 2E-06. However, this is still marginally above the 1E-06 point of departure. The cumulative 

hazard index for ingestion and dermal contact pathways would fall below unity under CT 

assumptions. 

Background-Related Risk 

Soil 

Aluminum was detected in AOC 6721673 surface soil at concentrations above its RBC. This 

element was eliminated from consideration in the risk assessment based on comparison to its 

background value. It is not unusual for naturally occurring or background concentrations of some 

elements to exceed risk-based concentrations. The following addresses the risWhazard associated 

with the background concentration of aluminum. 

The maximum surface soil concentration of aluminum (17,900 mglkg) for AOC 6721673 equates 

with hazard quotients of 0.3 and 0.01 for the residential child and site worker, respectively. The 

background value for aluminum (27,400 mglkg) results in hazard quotients of 0.4 and 0.02 for 

the residential child and site worker, respectively. 
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10.2.5.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 6721673 were assessed for the hypothetical 

future site worker and hypothetical future site resident under reasonable maximum exposure 

assumptions. This (HHRA) assessed the incidental ingestion and dermal contact pathways for 

surface soils. Table 10.2.16 presents the risk summary for each pathwaylreceptor group 

evaluated. 

Soil - Residential Scenario 

The residential soil pathway COC identified for AOC 672/673 is arsenic. Figures 10.2.6 and 

10.2.7 show point risk and hazard estimates based on surface soil exposure pathways under a 

future residential scenario. Table 10.2.17 summarizes the risk and hazard contribution of each 

COPC at each sample location. 

The point risk map is based on the unlikely assumption that a future site resident will be 

chronically exposed to specific points. Exposure to surface soil conditions would more likely be 

the result of uniform exposure to the soil conditions of the entire site (or exposure unit area) rather 

than specific points. Given this, the risk maps and summary table are useful to illustrate spatial 

distribution of the chemicals driving risk estimates. 

A11 sample locations yielded ILCRs that were greater than 1E-06. Arsenic was the only 

contributor to risk. Risk estimates range from 7E-06 (673SB010) to 1E-04 (673SB002). 

Arsenic was a primary contributor to hazard estimates at the locations at combined AOC 672 that 

yielded a hazard index above unity (673SB001 through 673SB005). Hazard index estimates 

ranged from 0.1 (673SB010) to 2 (673SB002), with a mean hazard estimate of 0.9. 
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Table 10.2.1 7 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 6721673 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 

672 6001 Arsenic (As) 4.7000 MGIKG 0.21 5 12.28 
672 BOO1 Chromium (Cr) 44.1 MGIKG 0.121 NA 

Total 0.336 12.28 

672 6002 Arsenic (As) 13.3 MG/KG 0.608 34.74 
672 BOO2 Chromium (Cr) 25.2 MGIKG 0.069 NA 

Total 0.677 34.74 

672 BOO3 Arsenic (As) 20 MGlKG 0.914 52.24 
672 BOO3 Chromium (Cr) 28.4 MGIKG 0.078 NA 

Total 0.992 52.24 

672 6004 Arsenic (As) 8.9 MGIKG 0.407 23.25 
672 BOO4 Chromium (Cr) 34.3 MGIKG 0.094 NA 

Total 0.501 23.25 

673 BOO1 Arsenic (As) 27 MGIKG 1.234 70.52 
673 8001 Chromium (Cr) 28.1 MGlKG 0.077 NA 

Total 1.311 70.52 

673 BOO2 Arsenic (As) 42.9 MGIKG 1.961 112.05 
673 BOO2 Chromium (Cr) 21.8 MGlKG 0.060 NA 

Total 2.021 112.05 

673 BOO3 Arsenic (As) 34.5 MGlKG 1.577 90.11 
673 6003 Chromium (Cr) 27 MGIKG 0.074 NA 

Total 1.651 90.1 1 

673 BOO4 Arsenic (As) 31.4 MGIKG 1.435 82.02 
673 BOO4 Chromium (Cr) 24.7 MGIKG 0.068 NA 

Total 1.503 82.02 

673 BOO5 Arsenic (As) 27.7 MG/KG 1.266 72.35 
673 6005 Chromium (Cr) 19.2 MGIKG 0.053 NA 

Total 1.31 9 72.35 

673 BOO6 Arsenic (As) 3.7 MGlKG 0.169 9.66 
673 BOO6 Chromium (Cr) 22.5 MGlKG 0.062 NA 

Total 0.231 9.66 

673 BOO7 Arsenic (As) 8.2 MGIKG 0.375 21.42 
Total 0.375 21.42 

673 BOO8 Arsenic (As) 12.5 MGIKG 0.571 32.65 
Total 0.571 32.65 

673 BOO9 Arsenic (As) 14.8 MG/KG 0.676 38.66 
Total 0.676 38.66 

673 BOlO Arsenic (As) 2.95 MGlKG 0.135 7.71 
Total 0.135 7.71 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 10 - Site-Specpc Evaluations 
Revision: 0 

Soil - Site Worker Scenario 

The industrial soil pathway COC identified for AOC 6721673 is arsenic. Figure 10.2.8 gives point 

risk estimates based on soil exposure pathways under a future site worker1industriaI scenario. 

Table 10.2.18 summaries the risk and hazard contribution of each COPC at each sample location. 

All sample locations yielded ILCRs greater than 1E-06. Arsenic was the only contributor to risk. 

Risk estimates ranged from 1E-06 (673SB010) to 2E-05 (673SB002), with a mean risk estimate 

of 7E-06. 

Arsenic was the sole contributor to hazard estimates at AOC 6721673; however, hazard indices 

did not exceed unity at any location for the industrial scenario. Hazard index estimated ranged 

from 0.01 (673SB010) to 0.1 (673SB002), with a mean hazard estimate of 0.04. 

10.2.5.8 Remedial Goal Options 

RGOs for carcinogens were based on the lifetime-weighted average future site resident and future 

site worker, as presented in Table 10.2.19. Hazard-based RGOs were calculated based on the 

hypothetical child resident or the site worker, as indicated on the table. 

10.2.6 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOCs 6721673, COCs 

requiring further evaluation through the CMS process have been identified for surface soil. The 

site is in a moderately developed urban setting and risk to human health was evaluated under both 

the residential and industrial (site worker) scenarios. For these scenarios, the incidental ingestion 

and dermal contact exposure pathways were evaluated. Hazard was evaluated for noncarcinogenic 

contaminants through incidental ingestion and dermal contact as well. 
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Table 10.2.1 8 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOCs 6721673 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-061 

Arsenic (As) 
Chromium (Cr) 

4.7000 MGlKG 0.01 1 1.74 
44.1 MGIKG 0.006 0.00 

Total 0.01 7 1.74 

13.3 MGIKG 0.031 4.91 Arsenic (As) 
Chromium (Cr) 25.2 MGlKG 0.003 0.00 

Total 0.034 4.91 

Arsenic (As) 
Chromium (Cr) 

20 MGIKG 0.046 7.39 
28.4 MGIKG 0.004 0.00 

Total 0.050 7.39 

Arsenic (As) 
Chromium (Cr) 

8.9 MGlKG 0.020 3.29 
34.3 MGIKG 0.005 0.00 

Total 0.025 3.29 

Arsenic (As) 
Chromium (Cr) 

27 MGIKG 0.062 9.98 
28.1 MGIKG 0.004 0.00 

Total 0.066 9.98 

Arsenic (As) 
Chromium (Cr) 

42.9 MGlKG 0.099 15.85 
21.8 MGlKG 0.003 0.00 

Total 0.1 02 15.85 

Arsenic (As) 
Chromium (Cr) 

34.5 MGlKG 0.079 12.75 
27 MGlKG 0.004 0.00 

Total 0.083 12.75 

Arsenic (As) 
Chromium (Cr) 

31.4 MGIKG 0.072 1 1.60 
24.7 MGIKG 0.003 0.00 

Total 0.076 1 1.60 

Arsenic (As) 
Chromium (Cr) 

27.7 MGIKG 0.064 10.24 
19.2 MGIKG 0.003 0.00 

Total 0.066 10.24 

Arsenic (As) 
Chromium (Cr) 

3.7 MGIKG 0.009 1.37 
22.5 MGlKG 0.003 0.00 

Total 0.012 1.37 

Arsenic (As) 8.2 MGlKG 0.019 3.03 
Total 0.01 9 3.03 

Arsenic (As) 12.5 MGIKG 0.029 4.62 
Total 0.029 4.62 

Arsenic (As) 14.8 MGIKG 0.034 5.47 
Total 0.034 5.47 

Arsenic (As) 2.95 MG/KG 0.007 1.09 
Total 0.007 1.09 



Table 10.2.19 
Remedial Goal Options Surface Soil 
AOCs 6721673 
Charleston Naval Complex 
Charleston, South Carolina 

Resident-based Remedial Goal Options* 

Slope Reference 
Factor Dose EPC 

Chemical (mg/kg-da~)-' (Wfkg-day) mgflcg 

Hazard-Based I Risk-Based I 

Arsenic 1.5 0.0003 34.01 66 22 2.21 0.38 3.8 381 21.6 

Remedial Goal Options 
3 1 0.1 

Site Worker-based Remedial Goal Options 

Slope Reference 
Factor Dose EPC 

Chemical (mgkg-day)-' (mdkg-day) mgkg 

Remedial Goal Options 
1E-06 1E-05 1E-04 

Arsenic 1.5 0.0003 34.0 

Background 
Concentration 

Background 
Concentration 

Hazard-Based 
Remedial Goal Options 

3 1 0.1 
mg/kg mgkg m a g  

Notes: 
EPC exposure point concentration 

* Resident-based remedial goal options were calculated based on the resident lifetime weighted average for carcinogens and 

the child resident for noncarcinogens. Site worker remedial goal options were base on the site worker scenario. 

Risk-Based 
Remedial Goal Options 
1E-06 1E-05 1E-04 
mg/kg m a g  mgkg 
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As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1 .O, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1, 

Arsenic was identified as a soil pathway COC for AOCs 672/673. Table 10.2.20 presents 

cumulative and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for surface soil are presented in Table 10.2.19. Potential corrective 

measures for soil are presented in Table 10.2.21. 

Table 10.2.20 
AOC 6721673 

Cumulative and ChemicalSpecfic Expure Risks and Hazard 

Risk Hazard 

Chemicnl Industrial Residential Industrial Residential 

Soil 

Arsenic 1.2SE-5 8.9E-5 0.W8 1.5 

Cumulahve 1.2.58-5 8.955 0.078 1.5 

Table 10.2.21 
AOCs 6721673 

Potential Corrective Measures 

Medium Compounds Potential Corrective Measures 

Sod Arseruc a) No action 
b) Excavate, offsite disposal, and monitormg 
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10.3 AOC 675, Fuel Oil Storage, (Facility NS-4); AOC 676, Former Incinerator 

(Building NS-2); and AOC 677, Grounds, (Building NS-2) 

AOC 675 is a 25,000-gallon UST (Facility NS-4), installed in 1952, A 495-gallon oillwater 

separator is located north of this UST. This UST stored fuel oil for a boiler house (Building NS-2) 

built in 1958. No. 5 fuel oil was used until 1991 ; from 1991 on, the UST stored cleaner-burning 

No. 2 fuel oil. The AOC 675 area was also used to refuel seaplanes, and petroleum contamination 

may have resulted from this activity. Actual dates of seaplane operations are unknown, but this 

activity was discontinued in the mid 1950s. 

Former UST NS2A was an unregulated 560 gallon underground waste oil holding tank for an 

oillwater separator. It was located in a grass covered patch of ground between Buildings NS 2 and 

NS 3. This tank was closed by removal in April 1996. During removal it was noted that the tank 

was intact with no holes or pitting. The oillwater separator which was associated with the waste 

oil UST and is currently identified as NS 2A is located immediately east of the former waste oil 

UST. The oillwaste separator was left in place and its lines were plugged and capped. 

Former UST NS 3-1 was a 280 gallon waste oil holding tank and oil/water separator located just 

north of Building NS 3. Building NS 3 is a former fuel pumping transfer station located just west 

of NS 4. The fuel transfer area was diked and sloped towards a storm drain in the east comer. 

The storm drain was connected to the storm sewer by two sets of valves and piping. The valves 

directed the storm water runoff directly to the storm sewer during normal operations or through 

the oil/water separator to the storm sewer in the event of a spill in the fuel transfer area. 

AOC 676 is the location of a former incinerator which operated near the current location of 

Building NS-2. The incinerator was used during the 1940s: it is shown on base maps from 1947 

to 1955. No records exist concerning its design, operation, or demolition. The materials burned 
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in the incinerator are unknown but may have included flammable hazardous materials (paints, 

solvents, and waste oils), as well as paper, wood, and general trash. 

AOC 677 consists of the grounds surrounding Building NS-2, a boiler house. The facility was 

built in 1958; in 1977, the boilers were replaced with newer ones. There is a documented history 

of fuel oil spills at this site, ranging in size from 3 to 500 gallons. Fuel for the boilers were stored 

in the nearby 25,000-gallon UST at Facility NS-4 (AOC 675) as described above. Prior to 1979 

the sump pump for the boilers discharged to the base storm sewer system. After 1979, the sump 

pump discharged to the sanitary sewer system via an oillwater separator. In 1990, the boilers at 

were connected to the basewide steam system to provide backup power for the central power plant. 

Materials of concern at AOCs 675 and 677 include residual fuel, diesel fuel, aviation gasoline, and 

lead as an additive in the fuel. Materials of concern at AOC 676 include ash potentially high in 

metals, and petroleum products. Potential receptors include future users involved in invasive and 

noninvasive activities. The ecology of the Cooper River is also a potential receptor. 

To fulfill CSI objectives for AOCs 675 and 676, and RFI objectives for AOC 677, soil, sediment, 

and groundwater were sampled in accordance with the approved final RFI work plan and Section 3 

of this report. 

10.3.1 Soil Sampling and Analysis 

Soil was sampled in one round at the combined AOCs from the locations shown on Figure 10.3.1. 

The approved final RFI work plan proposed 13 soil borings, with samples collected from the 

upper- and lower-intervals. During the first round field investigation, 14 soil borings were 

advanced. Upper-interval samples were collected at all borings; however, only eight lower- 

interval samples were colIected 
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because the water table was encountered at less than 5 feet bgs. All samples were analyzed for 

VOCs, SVOCs, pesticides/PCBs, cyanide, and metals. Samples from AOC 677 were also 

analyzed for organotins. One upper-interval sample from AOC 677 (677SB01001) was analyzed 

for physical parameters. Three samples selected as duplicates were analyzed at DQO Level IV 

for Appendix IX analytical parameters (except that duplicate sample 677CB01001 was not 

analyzed for cyanide). In the second round field investigation, three additional soil borings were 

advanced. Three upper-level interval samples and one lower-level interval sample were collected 

for dioxins. Tablel0.3.1 summarizes soil sampling at the combined AOCs. 

Grid soil samples GDISBO1501 and GDISB01502 were collected in the area of the combined 

AOCs and analyzed for the standard suite of parameters. Results of these analyses are discussed 

together with analytical results for the combined AOCs. 

Table 10.3.1 
AOCs 675/616/677 

Soil Sampling Summary 

2 09/07/95 Upper - 1 Physical Parameters Sample for physical parameters collected at 
boring location 677SB01001. 

3 02iW99 Uppr - 3 Dioxins Dio* ~ r c  cdlc~[ed bd 3 uppr-inDerVal 
sampks 6778801 1.677SB(f12, a d  
677SB013 

Lowcr - 1 Dioxins One low-lntcrvd mmplc 1677SBOi 1) was 
c o U d  for dioxins 

Notes: 
( 1  = Parenthesis indicate number of samples propod in the RFI work plan. 
c = 677CB01001 was not analyzed for cyanide. 
Standard Suite = VOCs, SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level 111. 
Appendix M = Standard Suite, plus hex-chrome, dioxins, herbicides, and OP pesticides at DQO Level N. 
Physical pameters analyses included CEC, chloride. sulfur, ammonia. niuatelnitrite. phosphorus. TOC and total moisture. 
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10.3.2 Nature and Extent of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.3.2. Inorganic 

compound analytical results are summarized in Table 10.3.3. Table 10.3.4 summarizes all 

analytes detected in soil at AOCs 67516761677. Appendix D contains the complete analytical data 

report for all samples collected in Zone I. 

Volatile Organic Compounds in Soil 

Three VOCs were detected in soil samples at the combined AOCs. Acetone, acetonitrile, and 

toluene were detected in surface and subsurface soil samples at concentrations far below their 

RBCs and SSLs. 

Table 10.3.2 
AOCs 675/676/677 

Organic Compound Analytical Results for Soil (&kg) 

Sample Detection RBC (upper) Number of Samples 
Fanmeter Interval Frequency Detection Range Mean SSL (lower) Exceeding RBC or SSL 

Volntile O@ Compounds 

~ ~ e t a n e  Upper 3/14 32.0 - n.o 52.0 780,000 o 
Lower 4 8  17.0 + 200 76.8 8,m 0 

Upper 1114 100 100 47.000 0 
Lower 218 81.0 - 1% I16 440 0 

Benzo(a)anthraceae Upper 2/14 41.0 - 720 38 1 870 0 
Lower 318 53.0 - 480 228 800 0 

Benxo(b)fluoranthene UPFr 1114 670 670 870 0 
Lower 318 110 - 220 163 0 

Chrysene upper 3/14 44.0 - 640 244 87.000 0 
Lower 318 62.0 - 420 204 80.000 0 
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Table 10.3.2 
AOCs 67516761677 

Organic Compound Analytical Results for Soil (pglkg) 

Sample Detection RBC (upper) Number of SIlmples 

1-Methylnaphthalene Upper 1114 210 210 310.000 0 
Lower 118 1,700 1,700 72.000 0 

U P F ~  21 14 99.0 - 110 105 470.000 0 
Lower 118 2,300 2,300 290.000 0 

Di-n-butylphthalate U F F ~  1114 35.0 35.0 780,000 0 
Lower 018 ND ND 2,300.000 0 

Upper 0114 ND ND 310,000 0 
Lower 118 2,200 2,200 280,000 0 

Phenanthrene Upper 1114 55.0 55.0 230.000 0 
Lower 2/8 110 - 6,200 3,160 660,ooO 0 

bis(2-Ethyulcxyl)phthalaa upper 1114 84.0 84.0 46.000 0 
Lower 018 ND ND 1.800.000 0 

Upper 3/14 7.3 - 38.0 18.2 1,m 0 
Lower 518 19.0 - 240 65.4 27.000 0 

4.4'-DDT Upper 21 14 4.0 - 24.0 14.0 1$00 0 
Lower 218 22.0 - 71 .O 46.5 16,000 0 

Chlordane Upper 2/14 6.0 - 7.6 6.8 1.m 0 
Lower 018 ND ND 5.000 0 

Endrin aldehyde Upper 31 14 1.4 - 1.6 1.5 2.300 0 
Lower 0/8 ND ND 340 0 
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Tabk 10.3.2 
AOCs 675/676/617 

Organic Compound Analytical Results for Soil (Irg/kg) 

Sample Detection RBC (upper) Number of Samples 
Parameter Interval Frequency Detection Range Mean SSL (lower) Exceeding RBC or SSL 

gamma-BHC (Lindane) Upper 1114 1.2 1.2 490 0 
Lower 018 ND ND 4.5 0 

Heptachlor epoxide Upper 211 4 1.4 - 3.0 2.2 70 0 
Lower 018 ND ND 330 0 

Amlor-1260 Upper 1114 61.0 61 .O 320 0 
Lower Ot8 ND ND 1,m 0 

Dioxin Compouods 

TEQS Upper 616 1.16E-04 - 2.08EM 1.07E43 0.0043 0 
Lower 111 8.83EM 8.83E-05 1.6 0 

Upper 116 3 .WE43 1 .WE63 0.043 0 
Lower 01 1 ND ND 4.1 0 

1234678-HpCDD Upper 616 4.05E-03 - 9.56E-02 3.55E-02 0.43 
Lower 111 1.88E-03 1.88E-03 108 

Upper 116 2.06E-03 2.06E-03 0.043 0 
Lower 011 ND ND 216 0 

123678-HxCDF Upper 116 8.4B-04 8.4E-04 0.043 0 
Lower O/ 1 ND ND 216 0 

U W ~  1 I6 8.6E44 8.6E-04 0.043 0 
Lower O/ 1 ND ND 216 0 

OCDF Upper 516 7.21E44 - 2.15E-02 10.45E-03 4.3 
Lower 01 1 3.28E-04 3.28E04 540 

Organotin Compounds 

Tceaburyltin UPPer 119 25.28 25.28 2,300 0 
Lower 016 ND ND NL 0 

Notes: 
NA = Not ApplicablelNot AvailablelNot Analyzed 
ND = Not DetectedINot Determined 
NL = Not Listed 
pglkg = micrograms per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Section 10 - Site-Specqc Evaluations 

The VOCs acetone and toluene were also detected at grid soil boring GDISBO15. Acetone was 

detected at 43 pglkg and toluene was detected at 3 pglkg in surface soil sample GDISBO1501. 

Acetone and toluene were also detected in subsurface soil sample GDISB01502 at concentrations 

of 48 pglkg and 21 pglkg, respectively. These detections were far below the corresponding RBCs 

or SSLs. 

Semivolatile Organic Compounds in Soil 

Fifteen SVOCs were detected in surface soil samples at the combined AOCs. Benzo(a)pyrene 

exceeded its RBC in sample 677SB00601 (330 pglkg). All other surface SVOC detections were 

far below their respective RBCs. Fifteen SVOCs were also detected in the subsurface samples, 

all at levels fax below their SSLs. 

No SVOCs were detected in surface soil at grid soil boring GDISBO15, but nine SVOCs were 

detected in subsurface grid-based sample GDISBO 1502: anthracene (1 60 pglkg), 

benzo(a)anthracene (1 30 pglkg), benzo(a)pyrene (52 pg/kg), benzo(b)fluoranthene (120pg/kg), 

benzo(k)fluoranthene (1 30 pglkg), chry sene (140 pglkg), di-n-butylphthalate (82 pglkg), 

fluoranthene (650 pglkg), and pyrene (450 pglkg). All SVOC concentrations were far below their 

SSLS. 

In accordance with recent cPAH guidance and Section 7 of this report, BEQs were calculated for 

cPAHs at the combined AOCs. The calculated BEQ of 478 pglkg for surface soil sample 

677SB00601 exceeded the benzo(a)pyrene residential soil RBC of 87 pglkg. Calculated BEQs for 

subsurface soil samples ranged from 17.5 pglkg to 252 pglkg, which is below the SSL of 

1600 ~ g t k g .  
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Pesticides and PCBs in Soil 

Ten pesticides were detected in surface soil at the combined AOCs. Three pesticides were 

detected in the subsurface soil. No surface or subsurface soil pesticide concentration exceeded its 

RBC or SSL. One PCB, Aroclor-1260, was detected in surface soil at a concentration far below 

its lU3C. No PCBs were detected in the subsurface soil. 

One pesticide, endrin aldehyde (2.6 pglkg), was detected in grid-based surface soil sample 

GDISBO1501. This concentration is far below the RBC. Four pesticides were detected in 

grid-based subsurface soil sample GDISB01502: endosulfan sulfate (2.9 pglkg) , dieldrin 

(8.3 pglkg), 4,4'-DDD (76 pglkg), and 4,4'-DDE (32 pglkg). Of these only dieldrin exceeded 

its SSL. 

Other Organic Compounds in Soil 

Dioxin compounds were detected in all six of the surface soil samples collected for dioxins. In 

accordance with recent dioxin guidance and Section 7 of this report, TEQs were calculated. The 

resulting TEQ range of 1.16E-04 pg/kg to 2.08E-03 pglkg is below the RBC of 4.3E-03 pgikg. 

Dioxin compounds were detected in the subsurface soil sample with a TEQ of 8.838-05 which is 

below the SSL value. 

The organotin tetrabutylin was detected in surface soil at a concentration far below its RBC. 

Inorganics in Soil 

Twenty-three metals and hex-chrome were detected in surface soil at the combined AOCs. 

Concentrations of four metals exceeded their respective RBCs and surface soil background 

concentrations : antimony [677SB00601 (6.6 mglkg) and 677SB01001 (6.0 mglkg)] .; total 

chromium [675SB00101 (70.5 rngfkg), 677SB00201 (63.7 mglkg)]; manganese [675SB00101 

(1,420 mglkg)] ; and vanadium [676SB00101 (176 mg/kg) and 6763800201 (125.5 mgikg)] . 
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Twenty-three metals were detected in subsurface soil samples at the combined AOCs. 

Concentrations of two subsurface metals exceeded their respective RBCs and subsurface soil 

background concentrations: antimony [677SB00302 (9.2 mglkg), 677SB00602 (7.5 mglkg), and 

677SB00902 (5.3 mglkg)] ; and thallium [676SB00202 (0.57 mglkg), 677SB00302 (0.52 mglkg), 

and 677SB00602 (0.45 mglkg)] . 

Sixteen metals were detected in grid-based surface soil sample GDISBO1501. Eighteen metals 

were detected in grid-based subsurface soil sample GDISB00802. No surface or subsurface metal 

concentration at these grid-based locations exceeded its RBC or SSL. 

The original AOCs 67516761677 RFI, submitted in January 1996, has been updated to include 

results from more recent sampling efforts. This document (revised and submitted in March 1999) 

represents "Revision 0" of the original January 1996 RFI. 

No changes to extent of contamination definition were identified through the additional soil sample 

collection and analysis; therefore no changes to the January 1996 version of the AOCs 

67516741677 RFI Report Fate and Transport, Human Health Risk Assessment, and Conclusion 

sections or the Zone I Ecological Risk Assessment section were made. 

10.3.3 Groundwater Sampling and Analysis 

The approved final RFI work plan proposed five shallow monitoring wells associated with the 

combined AOCs. Four monitoring wells were installed and sampled. Subsurface objects and 

boulders prevented installation of the fifth well. Groundwater was sampled in four rounds at 

AOCs 67516761677, as summarized in Table 10.3.5. Monitoring well locations are shown on 

Figure 10.3.1. 
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Table 10.3.5 
AOCs 67516761477 

Groundwater Sampling Summary 

WPU~~ Snmpling wells 

2 01115/% 67500 1 Metals, cyanide, pesticides, PCBs, 
s v o c s  

675002 Metals, cyanide, pesticides. PCBs, 
SVOCS, TPH-DRO, TPH-GRO 

676001 Metals, cyanide, pesticides, PCBs 

677002 Metals. cvanide. oesticides. PCBs. dioxin 

4 091 1 31% 67500 1 Metals, cyanide, pesticides, PCBs, 
SVOCS, TPH-DRO, TPH-GRO 

675002 Metals, cyanide, pesticides. PCBs, 
SVOCs, TPH-DRO, TPH-GRO 

09/12J% 676002 Metals, cyanide, pesticides, PCBs 

09/10/% 677002 Metals, cyanide, pesticides, WBs. 
dioxin. herbicides. chloride. sulfate. TDS 

Note: 
Standard Suite = VOCs, SVOCs, metals, cyanide. pesticides, and PCBs at DQO Level In. 

In the fust round, the wells were sampled and analyzed for VOCs, SVOCs, metals, cyanide, 1 

pesticides, PCBs, organotins, chloride, sulfate, and TDS at DQO Level 111. To further 2 

characterize the groundwater dioxins, herbicides, OP pesticides, and hexavalent chromium 3 

analyses were added to sample 677GW00201. All samples from rounds two, three, and four were 4 

analyzed for cyanides, metals, pesticides, and PCBs. Table 10.3.5 shows the selected samples 5 

analyzed for SVOCs, TPH-DRO/GRO, dioxins, chloride, sulfate, VOCs, and TDS. 6 
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Groundwater samples were also collected from a shallowldeep grid monitoring well pair 

(GDIOlS/GI)115D) located near AOCs 67516761677. Both of these wells were sampled during 

all four sampling events and the samples analyzed for the standard suite of parameters, plus 

chloride, sulfate, and TDS. Results of these analyses are presented in Appendix D and are 

discussed below together with groundwater analytical results for the combined AOCs. 

10.3.4 Nature and Extent of Contamination in Groundwater 

Table 10.3.6 summarizes groundwater organic analytical results for combined AOCs. 

Table 10.3.7 summarizes groundwater inorganic analytical results. Table 10.3.8 summarizes all 

analytes detected in shallow groundwater at AOCs 67516761677. Appendix D contains complete 

analytical data for all samples collected in Zone I.  

Volatile Organic Compounds in Groundwater 

One VOC, carbon disulfide, was detected during the first sampling round at well 676001 

(1.0 yglL). No other groundwater VOCs were detected during any of the sampling rounds. 

No VOCs were detected in groundwater samples from grid-based wells GDIO15 and GDIISD. 

Semivoiatile Organic Compounds in Groundwater 

As many as eleven SVOCs were detected in groundwater during the four sampling rounds. 

Dibenzofuran slightly exceeded its tap-water RBC during the second and third sampling rounds 

at well 675002 (3 pg/L and 4 ,uglL, respectively). Dimethoate exceeded its tap-water RBC at well 

675002 (2 pg1L) during the first sampling round. All other groundwater SVOC concentrations 

were far below their respective tap-water RBCs, 
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Table 10.3.6 
AOCs 675167616'77 

Organic Compound Analysis Rrntlts for Groundwater ( Irg/L) 

Number of 
Samoles 

Sample Detection Detection Tapwater ~ x c e e d i ; l ~  RBC 
Parameter Round Frequency Range Mean RBClMCL or MCL 

Carbon disulfde Fim 114 1 .O 1 .O f O O M L  0 
SCcoRd 010 N A N A 0 
Third 010 NA NA 0 
h a h  01 I ND ND 0 

1-Methylnaphthalo~x First 2 4  7.0 - 17.0 12.0 lSalm 0 
Second O/O N A NA 0 
Third O/O N A NA 0 
Fourth 010 N A NA 0 

Benzoic acid 

Eutylbenzylphthalate 

Dimethoate 

First 114 5.0 5.0 150lNL 0 
Second 112 3.0 3 .O 0 
Third 212 2.0 - 2.0 2.0 0 
Fourth 013 ND ND 0 

First U4 1.0 - 3.0 2.0 2.2OINL 0 
Second 212 2.0 - 2.0 2.0 0 
Third 212 1.0 - 3.0 2.0 0 
Fourth 213 2.0 - 3.0 2.5 0 

First 
Second 
Third 
Fourth 

First 
Second 
Third 
Fourth 

First 214 1.0 - 1.0 1 .O 2.4lNL 0 
Second 112 3.0 3.0 I 
Thud 112 4.0 4.0 1 
Fourth 113 2.0 2.0 0 

First L/4 5.0 5.0 370ML 0 
Secolrd 012 ND ND 0 
Third 012 ND 
Fourth 013 ND 

First 1 14 2.0 2.0 0.73lNL 1 
Second 010 N A N A 0 
Third 010 NA NA 0 
Fourth 010 NA N A 0 
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Table 10.3.6 
AOCs 67W6761677 

Organic Compound Analysis Rrsults for Groundwater (rg/L) 

Sample Detection Detection 

Number of 
Snmples 

Tagwater Exceeding RBC 

FIuorene First 114 1.0 1.0 150NL 0 
Second 112 5.0 5 .O 0 
Third 112 8.0 8.0 0 
Fourih 113 5.0 5 R 0 

Naphthalene First 1 I4 1 .O 1 .O 1501NL 0 
Second 012 ND ND 0 
Third 112 1 .O 1 .O 0 
Fourth 013 ND ND 0 

Phcnadmne First 014 ND ND 1 lOlNL 0 
Second 112 2.0 2.0 0 
Third 1 I2 2.0 2.0 0 
Fourth 1/3 2.0 2.0 0 

TPH-DRO 

Naphtha CGC12 First 010 N A N A N A 0 
Second 01 I ND ND N A 0 
Third 01 1 ND ND N A 0 
Fourth 1 t2 10.200 10.200 NA 0 

TPH-GRO 

Gasoline First 010 N A NA NA 0 
Second 111 115 115 N A  0 
Third 11 1 7.7 7.7 N A  0 
Fmnh 112 77 n N A o 

- 

2,4-D First 111 0.18 0.18 6. JL'O 0 
Second 010 N A N A 0 
Third 010 N A N A 0 
Fourth 01 I ND ND 0 

--- 

Organotins, Dioxins, 8 Furans 

T m  First 1/1 3.9B-07 3.95847 4.5EMj3E-05 0 
Second W1 ND ND 0 
Third 01 1 ND ND 0 
Fourth 01 1 ND ND 0 

1234678-HpCDD First 111 2.47846 2.478-06 4.5E-OSINL 0 
Second 01 I ND ND 0 
Third 01 I ND ND 0 
Fourth 011 ND ND 0 
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Table 10.3.6 
AOCs 6751676/677 

Organic Compound Analysis Resub for Groundwater 

Sampk Detection Detsctian 

Number of 
Samples 

Tap-water Exceeding RBC 

123789-HxCDF First 111 3.44306 3.44E-06 4.5E-06/NL 0 
Second 01 1 ND ND 0 
Third 01 1 ND ND 0 
Fourth 01 1 ND ND 0 

OCDF First 111 7.61E07 7.61847 4.5E-04tNL 0 
Second 011 ND ND 0 
Third 01 1 ND ND 0 

Notes: 
N A - - Not ApplicablelNot AvailablelNat Analyzed 
ND - - Not Detc~fcd 
NL - - Not Listed 

pglkg = micrograms per kilogram 
mglkg = milligrams per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Table 10.3.7 
AOCs 67516761677 

Inorganic Analysis Results for Groundwater (Ira) 

Number of Snmples 
Shallow Exceeding Lawer of 

Sample Detection Detection Tnpwaier Groundwater RBC or MCL and 
Pammeter 

Aluminum (Al) First 014 ND ND 3,700lNL 1,440 0 
Second 214 28.2 - 29.5 28.9 0 
Third 0/4 ND ND 0 
Fourth 014 ND ND 0 

Arsenic (As) First 014 ND ND 0.045/50 23.0 0 
Second 019 ND ND 0 
Third 114 6.1 6.1 0 
Fourth It4 7.1 7.1 0 

Bar~um (Ba) First 
Second 
Third 
Fourth 

Beryllrum (Be) First 
Second 
Third 
Fourth 

Cadmium (Cd) Fint 
Second 
Tturd 
Fourth 

Calcium (Ca) First 
Second 
Third 

Fourth 

Chrormum (Cr) First 
Second 
Third 
Fourth 

Cobalt {Co) First W4 
Second 014 
'Ilrird 0/4 
Fourth 1/4 

Copper (Cu) Fint 014 
Second 114 
Third 014 
Fourth 014 

Iron (Ee) First 314 
Second 3/4 
Third 4/4 
Fourth 314 

Lead (Pb) First 314 
Second 014 
Third 014 
Fourth 214 
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Table 10.3.7 
AOCs 67516161677 

Inorganic Analysis Results for Groundwnter ()tgfL) 

Number of Samples 
Shallow Exceeding bwer of 

Sample Detedion Detection Tapwater Groundwater RBC or MCL and 
Parameter Round Fr uenc e Meau RBClMCL Bac UII~ W Y Background 

Magncsiurn (Mg) First 414 23,000- 547,000 211.000 NUNL NL NA 
Second 4/4 20,30D - H)B,oOO 158,000 N A 
Third 414 1 9 , m  - 407.0 145,000 N A 
Foplrth 414 14,lCKl- 418,W 13U,W N A 

Manganese (Mn) First 414 13.4 - 1.690 4% 73tNL 5,430 0 
Second 414 8.3 - 301 168 0 
Third 414 77.8 - 1,080 434 0 
Fourth 414 19.8 - 382 139 0 

Nickel (Nil First 014 ND ND 73f 100 13.3 0 
Second 0/4 ND ND 0 
llritd 214 1.8 - 1.8 1.8 0 
F~urth 7/4 1.3 - 4.2 2.8 0 

Potassium (K) First 414 26,800 - 320.000 128,000 NLJNL NL N A 
Second 414 17,500 - 324.000 104.000 N A 
Thwd 414 18,400 - 167,000 70,300 N A 
Fourth 414 5.470 - 216.000 69.500 N A 

Selenium (Se) Firsr 014 ND ND 18/50 ND 0 
Second 014 ND ND 0 
Third 014 ND NLI 0 
Fwnh 1 14 4.4 4,4 0 

Sodium (Na) First 414 98,000 - 4,210,000 1,420,000 NLINL NL 
Second 414 82,700 - 5,320,000 1,670.000 
Third 214 585,000 - 1,080.000 832,500 
Fourth 414 15.100 - 4,190,000 1,230.000 

Thallium (Ti) F ~ r s  014 ND ND 0.2612 2 0 
Second 014 ND ND 0 
Third 014 ND ND 0 
Fourth 114 4.6 4.6 1 

Vanadium (V) First 414 1.6 - 5.7 2.8 261NL 14.0 
Sc~ond 414 1.1 - 15.1 5.6 
Third 014 ND ND 
Fourth 114 13.8 13.8 

Zinc (Zn) First 214 4.7 - 10.2 7.5 1, IOO/NL 24.4 0 
Second 0/4 ND ND 0 
Third 014 ND ND 0 

Notes: 
NA = Not ApplicableINot Available 
ND = Not Detected 
NL = Not Listed 
gglL = micrograms per liter 
See Table 5.6 for inorganic screening concentrations and their sources. 
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Three SVOCs were detected during the four sampling rounds at shallow grid-based well GDIO15. 

Diethylphthalate was detected during the second sampling round at 2.0 pg/L. Acenaphthene was 

detected during the third and fourth sampling rounds at 3.0 pg/L and 4.0 pg/L, respectively. 

Benzoic acid was detected during the fourth sampling round at 1.0 pglL. Two SVOCs were 

detected at deep grid-well GDI15D. Diethylphthalate was detected during the second sampling 

round at 2.0 ~ g f L .  Benzoic acid was detected during the fourth sampling round at 1.0 pg/L. 

Diethylphthalate was not detected in wells at the combined AOC. All shallow and deep grid-based 

groundwater SVOCs were far below their respective tap-water RBCs. 

Total Petroleum Hydrocarbons in Groundwater 

Beginning with the second round of sampling, groundwater samples from monitoring well 675002 

were analyzed for TPH DRO and TPH GRO. Gasoline was detected in this well during the 

second-, third-, and fourth-sampling rounds at 115 pg/L, 7.7 pg/L, and 77 pg/L, respectively, 

Naphtha C6-C12 was also detected at this well at 10,200 pglL in the fourth-sampling round. 

Monitoring well 675001 was sampled for TPH DRO and TPH GRO during the fourth-sampling 

round. No petroleum hydrocarbons were detected in these analytical resuIts. 

In addition to sampling for petroleum hydrocarbons, a free product sample was collected from 

monitoring well 675002 during the third sampling round. This sample was analyzed for VOCs, 

SVOCs, TPH DRO, and TPH GRO. Two VOCs were detected in the free product sample: carbon 

disulfide (4,400 ,uglL) above its tap-water RBC (100 pgIL); and chloroform (1,300 pg/L), above 

its tap-water RBC and MCL (100 pg/L). Six SVOCs were detected in the free product sample. 

The tap-water RBCs for 2-methylnaphthalene, fluorene, fluoranthene, and phenanthrene (150 pg/L 

for each) were exceeded at 280,000 pg/L, 300,000 pglL, 91,000 pgIL, and 380,000 pglL, 

respectively, The tap-water RBC for acenaphthene (220 pg/L) was exceeded at 97,000 pg/L, The 

tap-water RBC for pyrene (1 10 ,ug/L) was exceeded at 65,000 pg/L. 
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Gasoline was also detected in the free product sample from 675002 at 1,100,000 pglL. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in groundwater samples from the combined AOC wells. 

Two pesticides were detected in the first-round groundwater sample from shallow grid well 

GDIO15: methyl parathion (0.24 pglL), below its tap-water RBC; and beta BHC (0.1 pgIL), 

above its tap-water RBC. No pesticides were detected in subsequent sampling rounds at GDIO15, 

and no PCBs were detected in any groundwater samples at GDIO15. No pesticides or PCBs were 

detected in samples from deep grid well GDI15D. 

Other Organic Compounds in Groundwater 

The herbicide 2,4-D was detected in the first sampling round from monitoring well 677002 

(0.18 pglL) at a concentration far below its tap-water RBC (6.1 pg1L). 

In accordance with recent dioxin guidance and Section 7 of this report, a TEQ of 3.95E-07 pg/L 

was calculated for dioxins in sample 67700201. This concentration is below the tap-water RBC 

for 2,3,7,8-TCDD (4.5E-07 yglL). No other groundwater samples at the combined AOCs or 

grid-based wells GDI015/GDI1513 were analyzed for dioxin. 

Inorganics in Groundwater 

Twenty metals were detected in groundwater in the four sampling rounds at the combined AOCs. 

Thallium (4.6 pgIL) exceeded its tap-water RBC, MCL, and shallow groundwater background 

concentration in fourth-round sample 67700204. All other metal concentrations were below their 

respective tap-water RBCs, MCLs, and shallow background concentrations. 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section I0 - Site-Specific Evaluutionr 
Revision: 0 

Sixteen metals were detected in groundwater samples from shallow grid-based well GDIOIS in the 

four sampling rounds. Antimony (5.5 ,ug/L) exceeded its tap-water RBC in the second-round 

sample results, but was below its MCL. All other metal concentrations from GDIO15 were far 

below their respective tap-water RBCs, MCLs, or shallow background concentrations. 

Twelve metals plus cyanide were detected in groundwater samples from deep grid-based well 

GDI15D in the four sampling rounds. Thallium (7.1 pg/L) exceeded its tap-water RBC, MCL, 

and shallow background concentration in the third-round sample results. All other metal 

concentrations from GDIlSD were far below their respective tap-water RBCs, MCLs, and deep 

background concentrations. 

10.3.5 Sediment Sampling and Analysis 

The approved final RFI work plan proposed a sediment sample be collected from the area near the 

oillwater separator (adjacent to Facility NS-4) for TOC and grain size analysis. Sample 

675M000101 was collected in the area described, from a shallow depression where precipitation 

runoff settles. In addition to TOC and grain size, this sample was also analyzed for the standard 

suite of parameters, plus organotins. Table 10.3.9 summarizes the sediment sampling event. 

Table 10.3.9 
AOCs 675,676 and 677 

Sediment Sampling Sumnary 

sampling Sampling Snmples 
Round Date Collected Sample Analyses Comments 

1 06/22/95 1 (1) Standard Suite. 
Organotins. TOC. Gatn Size 

Notes: 
( )  = Parentheses indicate number of samples proposed in the final RFl  work plan. 
Standard Suite = VOCs. SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level 111. 
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10.3.6 Nature and Extent of Contamination in Sediment 1 

Table 10.3.10 summarizes the organic analytical results for sediment. Table 10.3.1 1 summarizes 2 

the inorganic analytical results for sediment. Analytes detected in the sediment are included in the 3 

Table 10.3.4 summary. The analytical results are included in Appendix D. 4 

Table 10.3.10 
AOCd 67516761617 

Orgauic Analytical R e d i s  for Stdimeat (2lglkg) 

Frequency of Range of Mean OF 
Paenmeter Detection Detection 

Endosulfan I 111 12.0 12.0 

Endosulfan sulfate 111 2.0 2.0 

Endrin 111 12.0 12.0 

Endrin aldehyde 111 8.8 8.8 

Methoxychlor 1/1 6.6 6.6 

Notes: 
NL = Not Listed 
NA = Not ApplicableINot AvailableINot Analyzed 
pglkg = micrograms per kilogrnm 
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Table 10.3.11 
AOCs 6751676l677 

Inorganic Analytical Results for Sediment (mg/k& 

Pnrameter Frequency of Detection Range of Detection Mean of Detection 

Aluminum (A!) l l f  3.190 3.190 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 111 12.4 12.4 

Calcium (Cd) 111 3,460 3,460 

Chromium (Cr) 111 10.9 10.9 

Cobalt (CO) 1II 0.63 0.63 

Copper (Cu) 

Iron (Fe) 

Magnesium (Mg) 

Manganese (Mn) 111 23.9 23.9 

Nickel (Ni) 111 16.6 16.6 

Potassium (K) 111 156 156 

Sodium (Na) 111 276 276 

Tin (Sn) 111 1.9 1.9 

Notrs: 
NL = Not Listed 
NA = Not ApplicablelNot AvailablclNot Analyzed 
mglkg = milligrams per kilogram 

Volatile Organic Compounds in Sediment 

Acetone (95.0 pg/kg) was the only VOC detected in sediment sample 675M000101. 

1 

2 

3 

Semivolatile Organic Compounds in Sediment 4 

Two SVOCs - pyrene (730 pg/kg) and bis(2-ethy1hexyl)phthaiate (840 &kg) - were detected in 5 

the sediment sample. 6 
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Pesticides and PCBs in Sediment 

Fourteen pesticides were detected in the sediment sample. 

Inorganics in Sediment 

Seventeen metals were detected in the sediment sample. 

10.3.7 Fate and Transport Assessment for AOCs 675, 676, and 677 

AOC 675 is located at Facility NS-4, and consists of a 25,000 gallon UST. This UST stored 

Number-five and Number-two fuel oil and began operations in 1952. After construction of nearby 

Building NS-2 (a boiler house) in 1958, Facility NS-4 provided fuel to boilers in this building. 

A 495 gallon oil/water separator is located north of this UST. Also, potential surface and 

subsurface petroleum contamination may have occurred from previous use of the AOC 675 area 

to refuel seaplanes. AOC 676 is the location of a former incinerator, which operated near the 

current location of Building NS-2. The incinerator was used during the 1940s, and no records 

exist concerning its design and operation. The types of materiaIs burned in the incinerator are 

unknown, but may have included flammable hazardous materials (paints, solvents, waste oils), as 

well as paper, wood, and general trash. AOC 677 consists of the grounds surrounding Building 

NS-2. The original boiIers housed in Building NS-2 were replaced with newer ones in 1977. 

Number-five fuel oil was used to fuel these boilers until 1991, when conversion was made to the 

cleaner buning number-two fuel oil. This fuel was stored in the nearby 25,000 gaIlon 'EJST at 

Facility NS-4 (AOC 675). Prior to 1979 the sump pump for the boilers discharged to the base 

storm sewer system. After 1979, the sump pump discharged to the sanitary sewer system via an 

oillwater separator. There was a history of documented fuel oil spills at this site, ranging from 

3 to 500 gallons in size. 

Environmental media sampled as part of this investigation included surface soil, subsurface soil, 

sediment, and shallow groundwater. Potential migration pathways investigated for 
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AOCs 67516761677 are soil-to-groundwater, soil-to-sediment, groundwater migration to human 

receptors and to surface water, and emission of volatiles from soil-to-air. 

10.3.7.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.3.12 and 10.3.13 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in surface and subsurface soil samples to risk-based soil screening 

levels considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. Soil background values for inorganics in Zone I were 

determined, but at the request of SCDHEC these were not considered during initial comparisons 

of maximum soil concentrations with SSLs. Generic SSLs are used to provide a conservative 

screen; leachate entering the aquifer is assumed to be diluted by a ratio of 10:1, with no 

attenuation of constituents in soil (DAF = 10). 

No inorganic constituents were detected in AOC 67516761677 surface or subsurface soil at 

concentrations exceeding groundwater protection SSLs. Four inorganics - antimony, chromium, 

manganese, and thallium - were detected above applicable SSLs in surface and subsurface soil. 

Antimony was detected above its SSL in one of 14 surface soil samples and three of eight 

subsurface soil samples, with surface and subsurface exceedances coincident at only one location 

(676SB002). Figure 10.3.2 presents antimony concentrations detected at AOCs 67516761677. 

Antimony was not detected in shallow groundwater. Chromium was widely detected in the surface 

and subsurface soil, exceeding the SSL in 13 of 14 surface samples and all eight subsurface 

samples. Only two samples exceeded the zone-specific background. Figure 10.3.3 presents 

chromium concentrations detected at AOCs 65616761677. While chromium was present in shallow 

groundwater, it was at concentrations less than the RBC and background. Manganese was also 

widely detected in soil, but exceeded the SSL in only one surface sample. Figure 10.3.4 presents 
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manganese concentrations detected at AOCs 67516761677. In site groundwater, manganese was 

present above the RBC but not above the zone-specific background. Thallium exceeded the SSL 

in one surface soil and three subsurface soil samples, and was present above the FU3C and zone 

background in groundwater. Figure 10.3.5 presents thallium concentrations detected at 

AOCs 675/676/677. 

These inorganics are not typically considered to be associated with petroleum storage and transfer, 

the past site activities, but they could be associated with the incineration that took place at 

AOC 676. The distribution of the individual constituents, however, is not particularly unique to 

AOC 676, which suggests other origins. 

The relative distributions of the inorganic constituents do not demonstrate a remarkable trend. The 

low concentrations of antimony in soil and its sporadic occurrence indicate a small residual mass 

that is unlikely to be significant; this is further substantiated by its absence in groundwater. The 

widespread occurrence of chromium and manganese suggest that their presence is not specific to 

activity at any one AOC, but related to all through a common process or feature - most likely as 

the result of natural occurrence. This is substantiated by their zone-specific background 

concentrations. As with antimony, the sporadic occurrence and low concentrations of thallium 

suggest that the mass in soiI should not pose a significant threat to groundwater. 

The presence of chromium, manganese, and thallium in groundwater indicates that the soil- 

to-groundwater pathway has merit, but the distribution of these constituents does not summarily 

demonstrate the site as the particular source. The area has been filled with non-native material, 

with a component of finer-grained silts and clays that typically hold inorganics easily sorbed. 

Also,the combined AOC area is immediately adjacent to the estuarine Cooper River, and exposure 

to brackish water in the subsurface can lead to many types of mobilizing reactions which can 
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release inorganics to the groundwater system. The presence of inorganics in groundwater is 

therefore not straightforward in a near-surface brackish water environment that can be highly 

variable in terms of Eh, pH, and metals solubility. 

10.3.7.2 Groundwater Migration and Surface Water Cross-Media Transport 

Tables 10.3.12 and 10.3.13 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in shallow groundwater samples to risk-based concentrations for 

drinking water, and to chronic ambient saltwater surface water quality criteria values for the 

protection of aquatic life (saltwater surface water chronic screening values). For inorganics, 

maximum concentrations in groundwater are screened against saltwater chronic values and the 

greater of (a) risk-based drinking water concentrations and (b) corresponding background 

reference concentrations for groundwater. To provide a conservative screening, no attenuation 

or dilution of constituents in groundwater is assumed before comparison to the relevant standards. 

It should be noted that the risk-based pathway for shallow groundwater is currently an invalid 

pathway simply because there is no human consumption of the groundwater. This comparison is 

made for screening only, and to develop strategies for long-term management of the groundwater 

should an area containing deleterious levels be identified. 

No organic constituents were present in groundwater at concentrations exceeding the applicable 

RBC screening levels. 

Two inorganic constituents - manganese and thallium - were present in groundwater at levels that 

exceeded the applicable drinking water risk-based migration pathway criteria (Figures 10.3.4 and 

10.3.5). Manganese concentrations were detected in all wells every round, but did not exceed 

zone-specific background in any round. Thallium was not detected prior to the fourth-round of 

sampling, and was detected in only one well in the fourth-round. The presence of manganese and 

thallium in site groundwater is not unexpected given the soil concentrations, but the inconsistent 
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detection of thallium is problematic. It may reflect climatological factors or the complex chemical 

and stability relationships in the brackish near-surface aqueous environment. 

Groundwater flow in the site area is generally towards the adjacent Cooper River, where it 

undergoes non-point source discharge. Two constituents - di-n-butylpthalate and copper - were 

identified in site groundwater above the surface water screening criteria. Figures 10.3.6 and 

10.3.7 present respectively, di-n-butylpthalate and copper concentrations detected at AOCs 

675/676/677. For both constituents, detections were in a single well; di-n-butylpthalate in the 

first-round and copper in the second-round of sampling. Sample results since that event have been 

non-detect for both constituents. As a result, the pathway is considered invalid from a chemical 

standpoint. 

10.3.7.3 Soil-to-Sediment Cross-Media Transport 

Analytical results for sediment were compared to those for surface soil to ascertain the potential 

relationship between the two media. 

Organic results were somewhat different for the surface soil and sediment, particularly for 

pesticides/PCBs. Although these constituents were detected in sediment at low concentrations, 

many were non-detect in soil, indicating a source for these other than the site drainage. 

Concentrations of inorganics in sediment were generally at lower concentrations than those in soil, 

suggesting that the site may be the source for these constituents in sediment. 

10.3.7.4 Soil-to- Air Transport 

Three VOCs - acetone, acetonitrile, and toluene - were detected in site surface soil. However, 

since all concentrations were far below the soil-to-air SSLs, the pathway is not considered to be 

significant this site. 



677SB005 
35 0 

676GW001 

ZONE I - RCRA 
ZONE i SEDIMENT SAMPLE LOCATION FACILITY INVESTlGATlON 
MONITORING WELL LOCATION NAVAL BASE CHARLESTON 
ZONE I SOIL BORING LOCATION CHARLESTON, SC 

12 30 ZONE I SURFACE SOIL CONC (UGIKG) 
"'7 30 ZONE I SUBSURFACE SOlL CONC (UGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN ZONE 1 
ND NON DETECT AOC 675,676,677 

Dl-N-BUTYLPHTHALATE 
ZONE I EXCEEDANCES 

SOlL AND GW CONCENTRATIONS 

MCL=NA RBC=780000 UGIKG SSt=2300000 UGIKG 



3 8  
273 O 

675GW001 
ND 

26 6 14 9 

a 
677SB005 

6 7 
NS • 

677SB006 
6 0  67780007 
'4  0 20 

675SB002 67658002 
26 5 
NS E 4 675GWOC1 

a m  ND 

676S8001 
17 05 
5 ' 

ZONE t - RCRA 
ZONE I SEDIMENT SAMPLE LOCATION FACILITY INVESTIGATION 

w MONITORING WELL LOCATION NAVAL BASE CHARLESTON 
ZONE I SOIL BORING LOCATION 

12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
CHARLESTON SC 

:2 30 ZONE I SUBSURFACE SOIL CONC (MGIKG) 
12 30 MAXI MUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT AOC 675,676,677 

COPPER 
ZONE l EXCEEDANCES 

SOlL AND GW CONCENTRATIONS 

MCL=1300 RBC=310 MGIKG SSL=5600 MGIKG 



Zone I RCRA Facility Investigation Repon 
Charlesfon Naval Complex 

Section 10 - Site-Specific Evaluations 
Revision: 0 

10.3.7.5 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Four inorganics are present in surface and subsurface soil at levels exceeding SSLs: 

Antimony exhibited non-spatially correlated detections at low concentrations in surface and 

subsurface soil. It was non-detect in groundwater. 

Chromium was widely detected in surface and subsurface soils, generally at concentrations 

below background. It was present in groundwater, but at levels below the RBC. 

Manganese was widely detected in surface and subsurface soils, generally at concentrations 

below the SSL. It was present in groundwater, but at levels below background. 

Thallium was sporadically detected in surface and subsurface soil at concentrations above 

the SSL, with relatively higher concentrations in the subsurface soil. It was present in 

groundwater at a concentration above the RBC and background. 

Inorganics are not expected to be associated with past site activities, primarily petroleum storage 

and transfer. 

* The distributions of constituents, both individually and relatively, do not show remarkable 

trends, and suggest an origin other than the site activities. 

The inconsistent, non-spatially correlated detections of antimony and thallium, and the 

widespread detections of chromium and manganese, do not summarily point to the site as 

the source, and may be indicative of non-native fill or natural sediment composition. 

The pathway is valid for chromium, manganese, and thallium, but is expected to be significant 

only for thallium. 
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Groundwater RBC and Surface Water Pathway 

Thallium and manganese were the only constituents above RBC in site groundwater. 

Manganese was widely detected for four sample rounds, but never exceeded the 

zone-specific background. 

Thallium was detected in only one well in the fourth-round, and was nondetect for the 

previous rounds. 

The presence of these constituents is not unexpected given soil concentrations. Manganese 

can be attributed to natural occurrence, but the persistence of thallium will need to be 

defined with further sampling. 

Di-n-butylpthalate and copper were the only constituents detected in groundwater above surface 

water screening values. 

The Cooper River is immediately downgradient of the site, and therefore the pathway is 

valid from a flow standpoint. 

Both constituents were detected in a single well and only in one round (di-n-butylpthalate 

in the first and copper in the second). Both have been non-detect in groundwater since, 

and thus the pathway is considered invalid from a chemical standpoint. 

Soil-to-Sediment Pathway 

Pesticide and PCB results for sediment did not correlate well with surface soil results, while 

inorganic results did. These relationships may indicate a secondary source for sediment 

contamination within the drainage system, or indicate vestiges of typical pesticide application near 

where the sediment sample was collected. 
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Soil-to-Air Pathway 

Three organics were detected in surface soil but none exceeded the soil-to-air SSL, thus 

invalidating this pathway. 

10.3.8 Human Health Risk Assessment 

10.3.8.1 Site Background and Investigative Approach 

The purpose of the investigation at AOCs 67516761677 (the combined AOC) was the assessment 

of soil and groundwater potentially affected by past site activities. AOC 675 is a 25,000-gallon 

UST (Facility NS-4), installed in 1952. A 495-gallon oillwater separator is located north of this 

UST. This UST stored fuel oil for a boiler house (Building NS-2) built in 1958. No. 5 fuel oil 

was used untiI 1991 ; from 1991 on, the UST stored cleaner-burning No. 2 fuel oil. The AOC 675 

area was also used to refuel seaplanes, and petroleum contamination may have resulted from this 

activity. Actual dates of seaplane operations are unknown, but this activity was discontinued in 

the mid 1950s. 

Soil was sampled in one round at combined AOC 675 from the locations shown on Figure 10.3.1. 

The approved final RFI work plan, proposed 13 soil borings, with samples collected from the 

upper and lower-intervals. During the field investigation, 14 soil borings were advanced. 

Upper-interval samples were collected at all borings; however, only eight lower-interval samples 

were collected because the water table was encountered less than 5 feet bgs. All samples were 

analyzed for VOCs, SVOC, pesticides, PCBs, cyanide, and metals. Samples from AOC 677 were 

also analyzed for organotins. One upper-interval sample from AOC 677 (677SB01001) was 

analyzed for physical parameters. Three samples selected as duplicates were analyzed at DQO 

Level IV for Appendix IX analytical parameters (except that duplicate sample 677CB01001 was 

not analyzed for cyanide). Surface soil samples from all boring locations were used to 

quantitatively assess soil exposure pathways. Subsurface soiI is addressed in Section 10.3.7, Fate 

and Transport Assessment. One sediment sample was collected in the area near the oil/water 
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separator adjacent to Facility NS-4 and analyzed for the standard suite of parameters plus 

organotins, TOC and grain size analysis. 

To characterize site groundwater, four shallow monitoring wells were installed and sampled. 

Subsurface objects and boulders prevented instaIlation of a planned fifth well. Figure 10.3.1 

illustrates monitoring well locations. Groundwater was sampled in four rounds at AOCs 675,676, 

and 677. In the first round, the wells were sampled for VOCs, SVOCs, metals, cyanide, 

pesticides, PCBs, organotins, chloride, sulfate, and TDS at DQO Level 111. Dioxins, herbicides, 

OP pesticides, and hexavalent chromium analyses were added to sample 67700201 to further 

characterize the groundwater at the site. All samples from rounds two, three, and four were 

analyzed for cyanides, metals, pesticides, and PCBs. Selected samples were analyzed for SVOCs, 

TPH-DROIGRO, dioxins, chloride, sulfate, VOCs, and TDS. Data from the four sampling events 

for each well were used to quantitatively assess groundwater exposure pathways. 

10.3.8.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.3.14, the focus of this HHRA is on the following COPCs: benzo(a)pyrene equivalents, 

antimony, chromium, manganese, and vanadium. Aluminum and arsenic were detected at 

maximum concentrations exceeding their RBCs but not exceeding their background concentrations. 

Therefore, these inorganics were eliminated from further consideration. Wilcoxon rank sum test 

analyses did not result in the inclusion of any inorganic parameters that had been screened out on 

the basis of background concentration comparisons. 
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Groundwater 

As shown in Table 10.3.15, the COPCs identified in shallow groundwater for this site were 

thallium, dimethoate, and dibenzofuran. Wilcoxon rank sum test analyses did not result in the 

inclusion of any inorganic parameters that had been screened out on the basis of background 

concentration comparisons. 

Sediment 

As shown in Table 10.3.16, no COPCs were identified in sediment sampled onsite based on a 

comparison to residential soil RBCs and/or Zone I surface soil background concentrations. 

10.3.8.3 Exposure Assessment 

Exposure Setting 

AOC 675 is a 25,000-gallon fuel oil storage tank (NS-4) that supports the boilers in 

Building NS-2. AOC 676 is a former incinerator which operated near the current location of 

NS-2. There is no information regarding the design, operation or demolition of this facility. AOC 

677 is the grounds around Building NS-2, where there have been a number of petroleum spills 

associated with boiler operation. The future use of the combined AOC is unknown. Current base 

reuse plans indicate that the area is slated for redevelopment as a marine cargo terminal. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. The future site resident scenario was built on the 

premise that existing buildings would be removed and replaced with dwellings. The resident child 

scenario was considered to be conservatively representative of the adolescent trespasser. 
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The future site worker scenario assumed continuous exposure to surface soils. Exposure for 

current site workers would be less than this because pavement over part of the area presents direct 

soil contact. Therefore, the future worker scenario is considered to be conservatively 

representative of current site worker. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for future site workers are the same with 

respect to soil. In addition, the future site worker scenario assumed continuous exposure to 

surface soil. Uniform exposure was assumed for all sample locations. The groundwater pathway 

for the hypothetical future site residents and site workers is incidental ingestion of groundwater. 

VOCs were not detected in the shallow aquifer exceeding residential RBCs, so inhalation of 

volatilized groundwater contaminants was not considered a viable exposure pathway. 

Table 10.3.17 presents the justification for assessing particular exposure pathways in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least 10 samples. Fourteen surface soil samples were analyzed for this site, Table 10.3.18 

presents the EPCs for the COPCs identified in surface soil by using the 95% UCL. Because the 

chromium, manganese, and vanadium UCLs did not exceed the maximum reported concentration, 

the UCLs for these COPCs were applied as the EPCs to estimate soil related exposures. 

The maximum concentrations of benzo(a)pyrene equivalents and antimony were used as the soil 

pathway EPCs. The maximum concentrations of benzo(a)pyrene equivalents were used to quantify 

exposure using the "hot spot" approach. Benzo(a)pyrene equivalents were detected in only three 

of 14 surface soil samples collected, and only one (677SB006) had a concentration (478 pglkg) 

within an order of magnitude of the residential RBC (87 pg/kg). This sample was collected in 

close proximity to the foundation of Building NS-2. As a result, it was deemed appropriate to 

10.3.83 
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Table 10.3.17 
AOCa 675/676/677 

Exposure Pnthways Summary 

Potentidly Exposed Medium and Pathway Selected 
for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Users (Site Air, Inhalation of gasews Na Fate and trnnsport screening did not identify 
Workers) contaminants emanating from soil any COPCs for rhis indirect exposure pathway. 

Air, Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow grodwater ,  ingestion No ShP1low groundwater is not currently u s d  as a 
of contambunts during potable or source of potable or non-residential water at the 
general use comb'med AOC. 

Shallow groundwater. Inhalation No Shallow groundwater is not currently used as a 
of volatilized shallow source of potable or non-residential water at the 
groundwater contaminants combined AOC. 

Soil, Incidental ingestion No (Qualified) Future site use is considered conservatively 
representative of cumnt  site use. 

Soil. Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses 

Future S ~ t e  Residents Air, Inhalation of gaseous No Fate and transport screening did not identify any 
(Child and Adult). contaminants emanating from soil COPCs for this indirect exposure pathway. 
Future Site Worker 

Air, Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow groundwater, ingestion Yes Shallow groudwatcr is not likely to be used as 
of c o n m ~  during potable or a s o w e  of potable or non-residential water at 
gemral use the combined AOC. This parhway was addressed 

as a conservative measure. 

Shallow groundwater. Inhalation No Volalile COPCs were not identified subsequent 
of volat~l~zed contaminants to risk-based screening comparisons. 

during domest~c use 

Soil, Incidental ingestion 

Soil, Dermal contact 

Yes COPCs were identified subsequent to risk-based 
and background scrrening comparisons. 

Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Wild game or domestic animals, No Huntinglutking of game and/or raising livestock 
Ingestion of tissue impacted by is prohibited within the Charleston South 
media contamination Camha  city limts. 

Fruils and vegetables, Ingestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other exposure 

pathways assessed. 
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derive a fraction ingested fraction contacted (FI/FC) factor to account for the limited areal extent 

of the contaminant in surface soil. This factor was conservatively estimated to be 0.1, indicating 

that the concentration reported at 677SB006 represents soil quality over 10% of the potential 

exposure area. This factor was used to adjust the EPC for benzo(a)pyrene equivalents. Antimony 

was detected in two of 14 samples collected. Both detections of antimony were above its 

residential soil RBC. The maximum concentration was applied as the EPC for antimony. 

Table 10.3.19 summarizes the statistical analysis for groundwater COPC data. Four shallow 

monitoring wells were installed at this site and sampled in four rounds. Current EPA guidance 

favors the use of the arithmetic mean in the most concentrated area of the plume as the EPC for 

groundwater COPCs. Groundwater COPCs cannot be associated with a single distinct plume. 

Instead, each of the COPCs were assigned to their own "plume". A separate plume is defrned by 

the monitoring well which produced the highest concentration for a given COPC. The EPC is then 

calculated as the arithmetic mean of the four data points from the same well. For example, the 

maximum thallium detection (0.0046 mg/L) was from monitoring well 677002 during the 

fourth-round. The first, second, and third-round samples from this monitoring well were 

nondetect for thallium. The detection and one-half of the SQLs for the nondetected results yields 

an average of 0.003 mg/L, which was used as the EPC for thallium. The same approach was used 

for dibenzofuran. Dimethoate was detected in only one out of four samples (675002); the 

maximum concentration detected for dimethoate was used as the EPC. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.3.20 and 10.3.21, 

respectively. 
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The CDIs for groundwater ingestion are presented in Table 10.3.22. No volatile compounds 

were detected in shallow groundwater, and inhalation pathway exposures were therefore not a 

consideration. 

10.3.8.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.3.23 

presents toxicological information specific to each COPC identified at the combine AOC. This 

information was used in the quantification of risWhazard associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Another target is the blood, where antimony concentrates. Due to frequent industrial use, the 

primary exposure route for antimony to the general population is ingestion. Antimony is also a 

common air pollutant from industrial emissions. USEPA has not classified antimony as a 

carcinogen, and the oral RfD is 0.0004 mg/kg-day (Klaasen, et al., 1986). The oral R D  is based 

on a LOAEL of 0.35 mglkg-day, an uncertainty factor of 1,000, and a modifying factor of 1 

(IRIS, 1995). 

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

TEF 0.1 
TEF 1.0 
TEF 0.1 
TEF 0.01 
TEF 0.001 
TEF 1.0 
TEF 0.1 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the above 

PAHs have not been well established, and there are no RfDs for these PAHs due to a lack of data. 

All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity is 

addressed relative to that of benzo(a)pyrene, which has an oral SF of 7.3 (mgfkg-day)-'. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been so classified due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar, 

soot, or cigarette smoke). As listed in IRIS, human data that specifically link benzo(a)pyrene to 

a carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section provides information on the aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

presented as the risk per mglkg-day. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per pg/m3 air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity. 
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As listed in IIUS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 

Chromium exists in two stable, natural forms: CrIII and hexavalent CrVI. Acute exposure to 

chromium can result in kidney damage following oral exposure, or damage to the nasal mucosa 

and septum following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in 

kidney and respiratory tract damage, as well as excess lung cancer in both animals and humans 

following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). 

Oral RfD values for CrIII and CrVI are 1.0 and 5E-03 (mgfkg-day), respectively. For CrVI, the 

RfD is based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 

inhalation exposures, and an inhalation SF of 41 (mg1kgday)-' has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS, no critical effects were observed for CrIII. The uncertainty factor was 100 and the 

modifying factor was 10. As listed in IRIS, no critical effects were observed for CrVI. The 

uncertainty factor was 500 and the modifying factor was 1. 



Zone I RCRA Facility Investigation Repon 
Charleston Naval Complex 
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Dibenzofuran, an organic compound similar in structure to some PAHs, is toxic to the liver and 

kidneys. In addition, this compound can accumulate in fatty tissue. USEPA has not determined 

an SF for this compound, but has set a provisional RfD of 0.004 mglkg-day. 

Dimethoate, otherwise known as Cyton, is an organophosphorous pesticide which causes 

neurological effects. A typical effect of chronic overexposure is delayed neuropathy; other effects 

associated with acute exposure include gastrointestinal disturbances and effects on the heart and 

other organ muscles. Although this compound does not accumulate in the body, the delayed 

effects of chronic exposure can accumulate to produce acute-like signs of organophosphate 

pesticide exposure (Klaasen, et al., 1986). The critical effect Iisted in IRIS is cholinesterase 

inhibition. The uncertainty factor of 300 and modifying factor of 1 were used by USEPA to 

determine the oral RfD of 2E-04 mglkg-day. As listed in IRIS, the confidence in the oral RfD is 

medium. 

Manganese is an essential nutrient, but chronic exposure (0.8 mglkg-day) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986; 

Dreisbach et al., 1987). USEPA determined the RfD to be 0.14 mglkg-day based on dietary 

uptake. USEPA recommended using a modifying factor of 3 when estimating intake from soil and 

water. In addition, the body absorbs roughly twice as much manganese in water as it does 

manganese in food. Because of the different uptake rates in water and food, two RfDs were used 

in this HHRA - one for water and one for food. The RfDs used are 0.047 and 0.023 mglkg-day, 

respectively. Inhalation of manganese dust causes neurological effects and increased incidence of 

pneumonia. An inhalation RfD was set to 1.43E-05 mglkg-day. According to USEPA, 

manganese cannot be classified as to its carcinogenicity. Therefore, its cancer class is group D. 

As Iisted in INS, this classification is based on smdies that are inadequate to assess the 

carcinogenicity of manganese. Manganese is considered essential to human health; the typical 

vitamin supplement dose is 2.5 mglday. As listed in IRIS, the critical effects of this chemical in 
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water in the oral summary are CNS effects. The uncertainty factor was 1 and the recommended 

modifying factor of 3 was used to estimate soil and groundwater intake. As listed in IRIS, the 

critical effect of manganese in the inhalation summary is neuro-behavioral impairment. For 

inhalation uptake, the uncertainty factor was 1,000 and the modifying factor was 1. The IRIS RfC 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, uses now prohibited. This element remains in the body for 

a relatively long time and could accumulate if the chronic dose is large. USEPA's oral RfD for 

thallium is 8E-05 mglkg-day (Klaasen, et al., 1986; Dreisbach, et al., 1987). The uncertainty 

factor used for thallium is 3,000. 

Vanadium is not readily absorbed through the skin or via oral ingestion, and is a ubiquitous 

element. It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils 

(Klaasen et al., 1986). Municipal water supplies contain 0.001 to 0.006 mg1L. The target organ 

is unclear, and the primary focus of toxicological information is inhalation of vanadium dust. 

Vitamin supplements contain approximately 0.010 mg in a daily dose. The oral RfD set by 

USEPA is 0.007 mgikgday . The uncertainty factor used for vanadium is 100. 

10.3.8.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposures. Tables 10.3.24 and 10.3.25 present 

the computed carcinogenic risks andlor HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 
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Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for the combined 

AOC surface soils is 5E-07. The dermal pathway ILCR is 2E-07. Benzo(a)pyrene equivalents 

were the sole contributor for each pathway. 

The computed hazard indices for the adult resident were less than 0.1 for the soil ingestion and 

dermal contact pathways. The computed hazard indices for the child ingestion and dermal contact 

pathways were 0.5 and 0.03, respectively. 

Future Site Workers 

Site worker ILCRs are 6E-08 and 1E-07 for the ingestion and dermal contact pathways, 

respectively. Hazard indices for the ingestion and dermal pathways were both projected to be less 

than 0.1 for the future site worker scenario. 

The AOCs 675/676/677 area is an asphalt parking lot and grassy area near Building NS-2. 

Current site users have little chance of exposure to affected surface soil. Location 677SB006, the 

source of the maximum benzo(a)pyrene equivalent concentrations is beneath an asphalt surface. 

Should the existing pavement remain under future use scenarios, the risWhazard projections 

presented above would be gross overestimates. 

Groundwater Pathways 

Exposure to shallow groundwater was evaluated under both residential and industrial scenarios. 

The ingestion exposure pathway was evaluated assuming that site groundwater will be used for 

potable and/or domestic purposes and that an unfiltered well, drawing from the corresponding 

water-bearing zone, will be installed. For noncarcinogenic contaminants evaluated relative to 

future site residents, hazard was computed separately for child and adult receptors. Table 10.3.26 
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presents the risk and hazard for the exposure pathway. Since no VOCs were identified as COPCs 

in groundwater at the combined AOCs, the inhalation pathway was not addressed at this site. 

Hypothetical Site Residents 

For the ingestion pathway, the hazard indices for the adult and child resident are 1 and 3, 

respectively. The primary contributor to hazard indices for the groundwater ingestion pathway 

was thallium. No carcinogenic COPCs were identified in shallow groundwater; thus, no ILCR 

projections were made. 

Future Site Workers 

The hazard index for the ingestion exposure pathway was calculated to be 0.5. No carcinogenic 

COPCs were identified in shallow groundwater, and thus no ILCR projections were made. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for the combined AOCs or 

other areas of Zone 1. In the absence of a completed exposure pathway, no threat to human health 

is posed by reported shallow groundwater contamination. 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative hazard 

index above 1 .O, and whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

For carcinogens, this approach is relatively conservative, because a cumulative risk level of 1E-04 

(and individual ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The specified COC selection method was used in order to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard 
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during the development of remedial goal options. Table 10.3.27 presents the COCs identified for 

the combined AOCs surface soil and groundwater. 

Surface Soils 

Hypothetical Site Residents (future land use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

Future Site Workers (current land use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

Groundwater 

Future Site Residents 

Thallium and dimethoate were identified as groundwater pathway COCs based on their 

contribution to cumulative residential HI projections. Thallium was detected at a concentration 

exceeding its tap-water RBC (0.26 yglL) in one fourth-quarter groundwater sample (677002). 

Thallium also exceeded its MCL (2 pg/L) in the fourth-quarter sample. Dimethoate was detected 

at a concentration exceeding its tap-water RBC (0.73 pg/L) in one first-quarter groundwater 

sample (675002). 

Future Site Workers 

No COCs were identified for this scenario based on cumulative industrial ILCR and HI 

projections. 

10.3.8.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias in exposure assessment is introduced through exposure setting and 

pathway selection due to the highly conservative assumptions (i.e., future residential use) 
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recommended by USEPA Region IV. The exposure assumptions made in the site worker scenario 

are highly conservative and would tend to overestimate exposure. The area found to be impacted 

by COPCs is covered by asphalt, precluding exposure to affected surface soil. Also, current site 

workers are not exposed to site groundwater. 

Residential use of the site is not expected or likely, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of Zone I, 

specifically as a marine cargo terminal. If this area were to be used as a residential site, the 

buildings would be demolished, asphalt surface removed, and the surface soil conditions would 

likely change. For example, the soils would be covered with landscaping soil and/or a house. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residentiaI scenario. These factors indicate that exposure pathways assessed in this HHRA 

generally overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at the combined AOCs for potable or industrial 

purposes. A basewide system provides drinking and process water to buildings throughout Zone I. 

This system is slated to remain in operation under the current base reuse plan, and shallow 

groundwater is not expected to be used under future site use scenarios. Therefore, the scenario 

established to project risWhazard associated with shallow groundwater exposure is highly 

conservative. 

Determination of Exposure Point Concentrations 

Exposure point concentrations (EPCs) for soil were set equal to either the 95% UCL or the 

maximum concentration calculated on the combined AOC dataset. This represents a conservative 

approach. The maximum concentration of benzo(a)pyrene equivalents was applied as its EPC, 

which was then modified in accordance with the "hot spot" approach. 
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The 95% UCLs or arithmetic means of the detected concentrations were applied as the EPC for 

groundwater, USEPA Region IV guidance states that the average concentration of each COPC 

in the most concentrated area of the plume should be used as the EPC. Since a plume cannot be 

readily defined, this guidance applies only marginally. This spatial variability in groundwater data 

contributes greatly to uncertainty. The 95 7% UCLs were calculated to provide point estimates to 

account for this uncertainty, thus providing an upper bound estimate for modeling exposure. For 

any given COPC, the placement of monitoring wells in uncontaminated areas of the aquifer could 

cause a low bias on the 95% UCL. As a result, the arithmetic mean of detected concentrations 

was compared to the 95 % UCL, and the greater of the two was selected as the EPC. To address 

uncertainty resulting from the selection of EPCs and to provide additional perspective, risWhazard 

maps may be referenced in the Risk Summary Section. 

Frequency of Detection and Spatial Distribution 

Surface Soil 

Benzo(a)pyrene equivalents were detected in ody  three of 14 surface soil samples collected, and 

only one (677SB006) had a concentration (0.478 mglkg) within an order of magnitude of the 

residential RBC. This sample was collected in close proximity to the foundation of Building NS-2. 

As a result, it was deemed appropriate to derive an FI/FC to account for the limited areal extent 

of the contaminant in surface soil. This factor was conservatively estimated to be 0.1, indicating 

that the concentration reported at 677SB006 represented soil quality over 10% of the potential 

exposure area. The FI/FC factor was used to adjust the EPC for benzo(a)pyrene equivalents. 

The fraction ingested from contaminated sources (based on the spatial distribution and frequency 

of detection for each COPC) was considered in the exposure calculations st the combined AOCs. 

Additional sampling in the vicinity of reportedly impacted surface soils could serve to further 

reduce the FI/FC factor and exposure estimates. 
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Antimony was detected in two of 14 surface soil samples coltected, (677SB006 and 677SB010) 

and both slightly exceeded the residential RBC. Chromium, manganese, and vanadium were 

detected in most of the surface soil samples collected from the combined AOCs and each exceeded 

their background concentrations in a few samples. 

Groundwater 

Dimethoate was detected in only one of the four shallow monitoring wells (675002) at a 

concentration exceeding its tap-water RBC. Dibenzofuran was detected in five of I1 shallow 

groundwater samples collected; it exceeded the tap-water RBC in the second and third-quarter 

samples from monitoring well 675002. The only detection of thallium was in the fourth-quarter 

sampling of monitoring well 677002, where it exceeded its tap-water RBC and background 

concentration. 

Quantification of RisWHazard 

Many site-specific factors affect the uncertainty of this assessment and cause upward bias in the 

risk and hazard estimates. Exposure pathway-specific sources of uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to its corresponding RBC (i.e., within approximately 10% of the RBC). This 

minimizes the likelihood of potentially significant cumulative risWhazard based on the eliminated 

CPSSs. Aluminum and arsenic exceeded their corresponding RBCs, but they were eliminated 

from formal assessment because they did not exceed their background concentrations. 

Although the future land use of the combined AOCs is unknown, both the worker and residential 

exposure scenarios were assessed in this HHRA. As previously discussed, it is likely that these 

scenarios overestimate risk andlor hazard. 
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Groundwater 

Of the CPSSs screened and eliminated from formal assessment, arsenic and manganese were 

reported at concentrations exceeding their corresponding RBCs but well below their background 

concentrations. 

Groundwater is not currently used as a potable water source at the combined AOCs or in the 

surrounding area. Municipal water is readily available. It is highly unlikely that the site will be 

developed as a residential area or that a potable-use well would be installed onsite. If residences 

were constructed onsite and an unfiltered well were installed, the salinity and dissolved solids 

would likely preclude this aquifer from being an acceptable potable water source. 

Background-Related Risk 

Soil 

Aluminum and arsenic were detected in surface soil at concentrations above their respective RBCs. 

These elements were eliminated from consideration in the risk assessment based on comparison 

to background values. It is not unusual for naturally occurring or background concentrations of 

some elements to exceed risk-based concentrations. The following addresses riskthazard 

associated with background concentrations of aluminum and arsenic. 

The maximum surface soil concentration of aluminum (1 1,800 mglkg) for the combined AOCs 

equates with hazard quotients of 0.2 and 0.01 for the resident child and site worker, respectively. 

The background value for aluminum (27,400 mg/kg) results in hazard quotients of 0.4 and 0.02 

for the resident child and site worker, respectively. The maximum surface soil concentration of 

arsenic (5.4 mglkg) and equates with ILCRs of 1E-05 and 2E-06 for the residential and site 

worker scenarios, respectively, equates with hazard quotients of 0.3 and 0.01 for the resident child 

and site worker, respectively. The background value for arsenic (21.6 mglkg) equates with ILCRs 
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of 6E-05 and 8E-06 and hazard quotients of 0.1 and 0.05 for the resident and site worker 

scenarios, respectively. 

Groundwater 

Arsenic and manganese were detected in groundwater samples at concentrations exceeding their 

respective RBCs. These inorganics were eliminated from consideration in the risk assessment 

based on comparison to background values. The following addresses the risWhazard associated 

with background concentrations of arsenic and manganese. 

The maximum groundwater concentration of arsenic (7.1 pg/L) for the combined AOCs equates 

with ILCRs of 2E-04 and 7E-05 and hazard quotients of 2 and 0.5 for the resident child and site 

worker, respectively. The background value for arsenic (23 pg/L) equates with ILCRs of 5E-04 

and 2E-04 and hazard quotients of 5 and 2, respectively, for the resident child and site worker. 

The maximum reported concentration of manganese (1,690 pglL) yielded hazard quotients of 2 

and 1 for the resident and site worker scenarios, respectively. Hazard quotients resulting from 

the background value for manganese (5,430 pg/L) were 7 and 5 for the residential child and site 

worker, respectively. 

10.3.8.7 Risk Summary 

The risk and hazard posed by contaminants at the combined AOCs were assessed for the future 

site worker and future site resident under reasonable maximum exposure assumptions. This 

HHRA assessed the incidental ingestion and dermal contact pathways for surface soils. The 

ingestion pathway was evaluated for shallow groundwater, based on four quarters of groundwater 

monitoring data. Table 10.3.28 presents the risk summary for each pathwaytreceptor group 

evaluated. 
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Soil - Residential Scenario 

No residential soil pathway COCs were identified. 

Soil - Site Worker Scenario 

No industrial soil pathway COCs were identified. 

Groundwater - Residential Scenario 

Dimethoate and thallium were identified as groundwater pathway COCs. Table 10.3 -29 provides 

point hazard estimates for the combined AOCs groundwater. As shown, thallium was the primary 

contributor to hazard estimates. Figure 10.3.8 shows point hazard estimates for groundwater for 

the residential scenario. Hazard estimates ranged from 0.02 (67500101) to 4 (67700204), with 

a mean hazard index of 0.3. 

Groundwater - Industrial Scenario 

No COCs were identified for groundwater based on the site worker scenario. 

10.3.8.8 Remedial Goal Options 

Soil 

No RGOs were computed for the combined AOCs surface soil, as no COCs were identified. 

Groundwater 

Groundwater RGOs based on the site resident scenario are shown in Table 10.3.30. 



Table 10.3.29 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOCs 67516761677 
Charleston Navaf Compkx 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

675 001 01 Dibenzofuran 1 0.016 N A 
Total 0.01 6 N A 

675 001 02 No COPCs N A N A 

675 001 03 No COPCs N A N A 

675 001 04 No COPCs NA N A 

675 002 01 Dibenzofuran 
675 002 01 Dimethoate 

675 002 02 Dibenrofuran 

675 002 03 Dibenzofuran 

675 002 04 Dibenzofuran 

1 pGIL 0.016 NA 
2 pG/L 0.639 N A 

Total 0.655 N A 

3 pGIL 0.048 N A 
Total 0.048 N A 

4 pGlL 0.064 N A 
Total 0.064 N A 

2 pGJt 0.032 N A 
Total 0.032 N A 

676 001 0 1 No COPCs NA N A 

676 001 02 No COPCs NA N A 

676 001 03 No COPCs N A NA 

676 001 04 No COPCs N A N A 

677 002 0 1 No COPCs NA N A 

677 002 02 No COPCs N A N A 

677 002 03 No COPCs NA NA 

677 002 M Thallium (TI) 4.6 pG/L 3.676 N A 
Total 3.676 NA 



T
ab

le
 1

0.
3.

30
 

R
es

id
en

tia
l-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 S
ha

llo
w

 G
ro

un
dw

at
er

 
A

O
C

s 
67
5/
67
6/
67
7 

C
ha

rl
es

to
n 

N
av

al
 C

om
pl

ex
 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

H
az

ar
d-

B
as

ed
 

N
ot

es
: 

E
PC

 
ex

po
su

re
 p

oi
nt

 c
on

ce
nt

ra
tio

n 
N

A
 

no
t a

pp
lic

ab
le

 
N

D
 

no
t d

et
er

m
in

ed
 

- 
re

m
ed

ia
l g

oa
l o

pt
io

ns
 w

er
e 

ba
se

d 
on

 th
e 

re
si

de
nt

 li
fe

ti
m

e-
w

ei
gh

te
d 

av
er

ag
e 

fo
r 

ca
rc

in
og

en
s 

an
d 

th
e 

ch
ild

 r
es

id
en

t f
or

 n
on

ca
rc

in
og

en
s 



) 677GW002 

. ' 675GW001 

675GW002 

ZONE I - RCRA 

NOCOPCs 
FACILITY INVESTIGATION 
NAVAL BASE CHARLESTON 

<1E-6 CHARLESTON, SC 

- 1E-6 to 5E-6 

5E-6 to 1E-5 

619 IE-5 to 1E-4 AOCS 675,676 & 677 

> 1 E-4 
SURFACE SOIL POINT RISK 



Zone I RCRA Facility Investigation Report 
Churleston Naval Complex 
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10.3.9 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOCs 675/676/677, 

COCs requiring further evaluation through the CMS process have been identified for surface soil 

and groundwater. The site is in a moderately developed urban setting and risk to human health 

was evaluated under both residential and industrial (site worker) scenarios. For these scenarios, 

the incidental ingestion and dermal contact exposure pathways were evaluated. Hazard was 

evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact as 

well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater andlor a cumulative hazard index above 1 .O, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

No residential soil pathway COCs were identified for AOCs 675/676/677. Thallium and 

dimethoate were identified as groundwater COCs. Table 10.3.31 presents cumulative and COC 

specific exposure risks and hazard quotients. 

Risk-based remedial goals for shaIlow groundwater are presented in Table 10.3.30. Potential 

corrective measures for soil are presented in Table 10.3.32. 
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Table 10.3.31 
AOCs 67516761677 

Cumulative and Chemical-Spediic ESrpcrsure Risks and Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residential 

Groundwater 

Thallium ND ND 0.41 2.7 

Dimthoate ND ND 0.098 0.64 

Cumulative ND ND 0.5 3.34 

Note: 
ND = Not detected 

Table 10.3.32 
AOCs 61516761677 

Potential Corrective Measures 

Medium Compounds Potential Corrective Measures 

Gmumiwater Thallium. Dimethoate a) Noaction 
b) Monitoring 
cf Ex-situ physicallchemical treatment and discharge to POTW 
d) Ex-situ physicollchemical aeahnenr and discharge through NPDES 

permitting 
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10.4 AOCs 678, Firefighter School, Former Building 2-V, and AOC 679, Former 

Wash Rack 

AOC 678 is the former site of Building 2-V, the Firefighter School, northeast of Building NS-I 

in the northeastern portion of the southern peninsula. The firefighting school was reportedly 

constructed in 1947 and demolished circa 1955. Controlled fires may have been ignited and 

extinguished onsite for firefighter training. No other details regarding the design features or 

operating practices were available. Currently, the area is a paved parking lot. 

AOC 679 consists of a former wash rack noted on early CNC maps from the 1930s and 1940s. 

This former wash rack was located off the west edge of Building NS-1. No information is 

available regarding the design features, years of operation, or operating practices for the wash 

rack. It is assumed that activities at this unit included washing or cleaning of equipment in an 

external wash area. 

Materials of concern at AOC 6781679 include petroleum hydrocarbons, VOCs, used oil, and 

grease. Currently, the paved parking lot is rarely used, therefore, potential receptors include 

workers that may be involved in invasive activities at the site. The ecology of the Cooper River 

is also a potential receptor. 

Soil and groundwater were sampled in accordance with the Final Zone I RFI Work Plan, (E/A&H, 

February 1995) and Section 3 of this report to fulfill CSI objectives. In March 1999, five 

geoprobe samples were collected on the eastern edge of AOC 6781679 at areas that were thought 

to correspond to former locations of "mock ups" for the old firefighter training area. An 

additional welllboring was located in the area of the former wash rack on September 1998. 
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10.4.1 Soil Sampling and Analysis 

Soil was sampled in three rounds at AOC 6781679 from the locations shown on Figure 10.4.1. 

The Final Zone I RFI Work Plan (E/A&H, 1995) proposed collecting 25 samples from the upper 

interval and 25 samples from the lower interval. During the frrst round, 21 samples were 

collected from the upper interval. Four of the 25 proposed upper interval samples were 

inaccessible due to structural barriers. Thirteen of the 25 proposed lower interval samples were 

not collected due to a water table less than 5 feet bgs; saturated samples were not submitted for 

analysis. All samples were submitted for the standard suite of parameters which include VOCs, 

SVOCs, pesticides, PCBs, cyanide, and metals. Three samples were duplicated and submitted for 

Appendix IX analytical parameters at DQO Level IV, which include the standard suite of 

parameters and a more comprehensive list of VOCs, SVOCs, and herbicides, hexavalent 

chromium, organophosphate pesticides, and dioxins. 

Second-round sampling was performed after first-round analytical results were compared to the 

USEPA Region III Risk-Based Concentration Table, March 1995, and background screening 

values. This comparison showed that soil boring location 678SB012 had detections of mercury 

and lead above RBCs and background, justifying the collection of two additional samples for 

inorganic analysis. The third round sample was collected from the well boring instaIled in the 

areas of the former wash rack for VOCs, SVOCs, and metals. Table 10.4.1 summarizes soil 

sampling at AOC 678 and AOC 679. 

Grid-based soil boring (GDISB014) was advanced in the AOC 6781679 area as shown in 

Figure 10.4.1. Upper and lower-interval samples from this boring were analyzed for the standard 

suite of parameters. Results of these analyses are presented in the nature and extent discussion 

of AOC 6781679. 
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Table 10.4.1 
AOC 6781679 

Soil Sampling Summary 

Sampling Sampling 
Comments 

1 02/22/45 Upper - 21 (25) Standard Suite, Four sample Iacati~ns were 
03/01/95 Additional Parametersa inaccessible. 678SBa0901 sampled 
03/06/95 for organotins only. 
03110195 Lower - 12 (25) Standard Suite Thirteen lower samples were not 
03/13/95 collected due to a water table less than 

5 feet bgs. 
Duplicates - 3 Appendix IXb 

2 06/21/95 Upper - 2 Metals To delineate the extent of metals 
detected above their RBCs and 
background. 

3 9/23/98 Upper - 1 VOCs, SVOCs, metals 

Notes: 
( 1  - Parenthesis lndicate number of samples proposed 
Standard Suite - VOCs, SVOCs, metals, cyanide, pesticides and PCBs at DQO Level Ill. 
a - Additional analysis performed on one sample on 09/18/95 included cation, chloride, sulfur, ammonia, nitrateinitrite, 

phosphoms, TOC and total moisture. 
b - Duplicates were submitted for Appendix IX parameters at DQO Level IV. 

10.4.2 Nature and Extent of Contamination in Soil I 

Summaries of organic compound analytical results for soil are presented in Table 10.4.2. 2 

Inorganic analytical results for soil are presented in Table 10.4.3. Table 10.4.4 summarizes all 3 

analytes detected in soil at AOC 678/679. Appendix D is a complete analytical data report for all 4 

samples collected in Zone I. 5 

Table 10.4.2 
AOC 6781679 

Organic Compound Analytical Results for Soil &g/kg) 

Number of Samples 
Sampling Detection RBC (upper) Exceeding RBC or 

Parameters Interval Frequencv Detection Range Meau SSL (lower SSL 

Volatile Organics 

Acetone VFWr 10120 8.00 - 50.0 26.8 780,000 0 
Lower 7/12 8.0 - 29.0 17.4 8 ,ooO 0 

Toluene Upper 11/20 1.0 -4.0 2.27 1 . 6 0 0 , ~  0 
Lower 5/12 1.0 -7 .0  4.20 6.000 0 
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Table 10.4.2 
AOC 6781679 

Organic Compound Analytical Results for Soil (clglkg) 

Number of !Samples 
RBC (upper) Exceeding RBC or 

Parameters Dctsaion R n ~ e  Mean SSL flower SSL 

Tnchtomtritlourothne Upper 1/20 4.00 4.0 230.000.000 0 
Lower 0/12 ND ND NA 0 

Semivolatile Organics 

Acetophcmnt U P P ~  1 LZO 240 240 780.000 0 
Lower 0112 ND ND 0.12 0 

Anthracene Upper 1 120 46.0 46.0 2,300,000 0 
Lower 0112 ND ND 5,900,000 0 

I-Medrylnapthalene Upper 1120 39.0 39.0 31D.M)O 0 
Lower Of12 ND ND 72,000 0 

2-Methylnaptfialene Upper 1/20 110 110 310,000 0 
Lower 01 12 ND ND 230,000 0 

Upper 4/20 37.1 - 253 110 87 1 
Lower 2/12 0.05 - 128 64.0 1 ,6M) 0 

Benzo(a)anthracene Upper 3/20 27.0 - 180 87.7 870 0 
Lower 1/12 75.0 75.0 800 0 

Benzo(a)pyrene upper 4DO 29.0 - 200 85.8 87 I 
Lower 1112 %.O 96.0 4,000 0 

Benzo(b)fluoranthene Uppr 4/20 31.0 - 240 133 870 0 
Lower 1112 220 220 2,500 0 

Benzo(k)fluoramkne Upper 4/20 21.0 - 170 100 8.700 0 
Lower 1112 230 230 25.000 0 

Chrysene Upper 3120 23.0 - 200 94.0 87,000 0 
Lower 2112 50.0 - 110 80.0 80,000 0 

Indeno(l,2,3)pyrene Upper 2/20 21 .O - 97.0 59.0 870 0 
Lower 0112 ND ND 7.000 0 

Benzo(g,h,i)per~lene Upper 1/20 110 110 310,000 0 
Lower 0112 ND ND 1.2E8 0 

Di-n-butylphthalate Upper 7/20 40.0 - 80.0. 59.7 780,000 0 
Lower 5/12 53.0 - 220 101 2,300,000 0 

Fluoranthene Upper 4/20 26.0 - 330 121 310,000 0 
Lower 3/12 50.0 - 120 76.7 2,100,000 0 

Naphthalene Upper 2120 60.0 - 68.0 64.0 310,000 0 
Lower 2/12 ND ND 42,000 0 

Phenanthrene Upper 3/20 15.0 - 220 107 230,000 0 
Lower 2/12 40.0 - 67.0 53.5 ~ . c @ o  0 

Pyrene Upper 4/20 33.0 - 330 128 230,000 0 
Lower 3/12 40.0 - 1W 76.7 2,100,000 0 

bis(2- Upper 2/20 55.0 - 240 148 4 6 , m  0 
Ethylhexy1)phtbalarc Lower 0112 ND ND 1.800.000 0 
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Table 10.4.2 
AUC 6TS/679 

Organic Compound Analytical RcsuHs for Sail (ugllrg) 

Number of Samples 
Sampling Detection R8C (upper) Exceeding RBC or 

Parnmeiers Intend Fr cq uenc Y Detection Rane e Mean SSL flower SSL 

Mehpyrilene Upper 1120 50.0 50.0 N A 0 
Lower 01 12 Nf) ND N A 0 

Ethyl methacrylate Upper 1120 40.0 40.0 700,000 0 
Lower 0112 ND ND 1,500 0 

lsodri~ UPPW 2120 990 - I,C€Q 995 N A 0 
Lower 0112 M) ND NA 0 

PestiddesIPCBs nnd Herbicides 

4,K-DDD Upper 7/20 9.50 - 170 62.1 2,700 0 
Lower 2/12 2.W - 42.0 22.5 8.000 0 

Upper ll120 4.0 - 480 67.4 1 , m  0 
Lower 3112 3.70 - 28.0 13.1 27.000 0 

Upper 5/20 4.30 - 86.0 28.9 1,m 0 
Lower 1112 4.60 4.60 16,000 0 

Upper 013 ND ND 78,000 0 
Lower 1 /3 3.40 3.40 990 0 

Aroclor-1260 Upper On0 ND ND 320 0 
Lower 1/12 n .O 27 .O 1 0 

Endrin Upper 3/20 6.10 - 12.0 8.10 2,300 0 
Lower 0112 ND ND 500 0 

Endrin aldehyde Upper 5120 1.10- 1.30 1.20 2,300 0 
Lower 0112 ND ND 340 0 

MethoxycNor Upper 1/20 22.0 22.0 39,000 0 
Lower 1112 4.0 4.0 80,000 0 

- - 

Organ01,hos~hate Pesticides 

Famphur Upper 0120 ND ND 47,000 0 
Lower 1/12 5.70 5.70 27.000 0 

Methyl parahon Upper 1120 3.90 3 .90  2,000 0 
Lower 0112 ND ND 1 SO 0 

Phorate Upper 113 10.0 10.0 1.6 I 
h e r  013 ND ND 820 0 

-- 

UWr On0 ND ND 2300 0 
Lower 1/12 2.70 2.70 NA 0 

TEQ Upper 212 9.908-6 - 3.7lE-3 3.868-3 4.3E-3 0 
Lower 111 1.04E-4 I .ME4 1.6 0 
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Table 10.4.2 
AOC naim 

Organic Compound A d y h d  Resub for Soil (uglLg) 

Number of Samples 
Sampling Detection RBC (upper) Exceeding RBC or 

Parameters Interval Frequencv Detection Ranee Menn SSL (lower SSL 

1234678-HpCDD upper 112 0.147 0.147 0.43 0 
Lower 01 1 2.10E-3 2.10E-3 108 0 

f 234678-HpCDF upper 112 5.94E-3 5.94E4 0.43 0 
Lower 011 ND ND 54.0 0 

123789-WxCDF Upper 012 ND ND 0.043 0 
Lower 111 4.92E4 4.92E4 216 0 

123678-RxCDD U W ~  1 R 2 . a - 3  2.W-3 0.043 0 
Lower 011 ND ND 4.1 0 

123789-HxCDD Upper 1 12 7.41E-4 7.4IE4 0.043 0 
Lower 011 ND ND 4.1 0 

123478-HxCDF upper 1 I2 I .94E-3 1.94E-3 0.043 0 
Lower Otl ND ND 2 16 0 

OCDD Upper 212 9.90E-3 - 1.70 0.85 4.3 0 
Lower 111 0.033 0.033 1,080 0 

OCDF upper 1/2 8.17E-3 8.17E-3 4.3 0 
Lower 111 4.77E4 4.77E-4 540 0 

Notes: 
N A = Not applicable1Not availablelNot analyzed 
ND = Not detectedNot determined 
NL = Not listed 
~ g l k g  = micrograms per kilogram 
See Table 5.5 for organic screening concentrations and their sources 

Table 10.4.3 
AOC 6781679 

Inorganic h a l f l i d  Results for Soil (@kg) 

Number of Samples 
Sample Detection Detection RBC (upper) Exceeding RBC or SSL 

Parameter Interval Fresuencv Range Mean Background SSL (lower) and backmound 

Aluminum (Alf Upper 23/23 3,090 - 7,580 5,536 27,400 7,800 0 
Lower 13/13 908 - 9,150 3.710 18,900 560.000 0 

Antimony (Sb) Upper 4/23 0.21 - 0.39 0.303 ND 3.1 0 
Lower 0113 ND ND ND 2.7 0 

Arsenic (As) U r n  15/23 0.40 - 7.40 1.2 1. 21.6 0.43 0 
Lower 8113 0.54 - 7.0 2.44 6.45 820 0 

Barium (Ba) Upper 23CL3 5.90 - 98.5 17.4 54.2 550 0 
Lower 13/13 3.6 - 58.6 12.2 36 820 0 
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Table 10.4.3 
AOC 6781679 

Inorganic Analytical Results for Soil (mglkg) 

Number of Samples 
Sample Detection Detection RBC (upper) Exceeding RBC or SSL 

Parameter Interval Frequencv Range Mean Background SSL Oower) mid background 

Beryllium (Be) Upper f 2/23 0.03 - 0.41 0.1 18 0.95 16 0 
Lawer 9/13 0.09 - 0.52 0.24 0.67 32 0 

Cadmium (Cd) Upper 5/23 0.12 - 0.50 0.278 0.61 7.8 0 
Lower 3/13 0.09 - 0.44 0.30 0.54 4 0 

Chromium (Cr) Upper 23D3 6.5 - 116 24.9 34.5 39 4 
Lower 13/13 5.1 - 28.3 13.4 51.3 19 0 

Cobalt (Co) Upper 21/23 0.64 - 10.7 1.53 5.8 470 0 
Lower lot13 0.51 - 4.6 1.53 3.48 990 0 

Copper 0) UPP~ 17123 0.89 - 15.7 4.34 240 310 0 
Lower 12/13 0.76 - 67.3 7.78 11.5 5.600 0 

Lead (Pb) Upper 23/23 3.90 - 31.0 8.72 203 400 0 
Lower 13113 1.80 - 468 39.4 12.3 400 1 

M~nganese (Mn) Upper 22/23 7.50 - 81.4 34.2 419 160 0 
Lower 12/13 16.5 - 338 55.4 118 480 0 

Mercury (Hg) Upper 4/23 0.12 - 0.29 0.195 0.47 2.3 0 
Lower 1/13 3.10 3.10 ND 1 I 

Nickel (Ni) UPPI 23/23 1.90 - 9.30 3.41 23.9 160 0 
Lower 12/13 0.92 - 13.3 4.19 15.7 65 0 

Selenium (Se) Upper 6/23 0.49 - 0.82 0.612 1.49 39 0 
Lower 7113 0.20 - 0.85 0.626 1.77 2.6 0 

Tin (Sa) Upper 17/23 0.97 - 2.2 1.33 7.5 4,700 0 
Lower 5113 1.10-2.40 1.48 ND 5,500 0 

Vanadium (V) Upper 21/23 5.40 - 32.3 9.55 113 55 0 
Lower 13/13 3.40 - 18.2 8.35 38.1 3,000 0 

Zinc a n )  Upper 23123 4.20 - 87.6 17.7 206 2,300 0 
Lower 13113 7.0 - 189 25.6 36.2 6,200 0 

Notes: 
N A = No1 applicablelNot availablelNor analyzed 
ND = Not detected/Not determined 
NL = Not listed 
mgikg = milligrams per kilogram 
See Table 5.6 for inorganic screening concentrations and their sources 
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Volatile Organic Compounds in Soil 

Three VOCs were detected in surface soil at AOC 6781679, but at concentrations far below their 

RBCs: acetone, trichlorotriflouroethane (Freon 113), and toluene. Acetone and toluene were also 

detected in subsurface soil also at concentrations far beIow their respective SSLs. 

The VOCs acetone and toluene were detected in the surface and subsurface soil at grid soil boring 

GDISB014. Acetone was detected in the surface soil sample GDISB01401 at 22pglkg and toluene 

was detected in this sample at 3pglkg. Acetone was detected in the subsurface soil sample 

GDISB01402 at 1 lOpg/kg and toluene was detected at 2pglkg. These detections were far below 

their respective RBCs and SSLs. 

Semivolatile Organic Compounds in Soil 

Twenty SVOCs were detected in surface soils at AOC 6781679. Benzo(a)pyrene was detected 

at 200pg/kg (RBC = 87pglkg). Nine SVOCs were detected in the subsurface, but at concentrations 

far below their SSLs: benzo(a)anthracene, benzo(a)pyrene, benzo(b)flouranthene, 

bemo(k)fluoranthene, chrysene, di-n-butylphthalate, fluoranthene, phenanthrene, and pyrene. All 

other surface and subsurface soil SVOC detections were far below their respective RBCs and 

SSLs. 

One SVOC, di-n-butylphthalate, was detected in surface and subsurface soil at grid soil boring 

GDISB014. The results, GDISB01401 (100yglkg) and GDISB01402 (130pg/kg), were below 

RBC and SSL concentrations. 

In accordance with recent cPAH guidance, (USEPA Interim Supplemental Guidance to RAGS: 

Region NBullentins, Human Health Risk Assessment. Bullentin No. 2 [USEPA 1995c]), BEQs 

were calculated for cPAHs at AOC 678/679. The results, for calculated BEQs, were 

678SB00101=56.lpg/kg, 678SB00301=252.9pg/kg, 678SB00801=92.4fig/kg, 
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678SB01202 = 128kglkg, 679SB00502 =0.05pg/kg, and 679SB01501=37.1 yglkg. The BEQ for 

surface soil samples 678SB00301 and 678SBOO801 exceeded the RBC of 87.00 yglkg . 

Pesticides and PCBs in Soil 

Nine pesticides were detected in surface soil at AOC 6781679, One pesticide, phorate, exceeded 

its RBC of 1.6 pglkg in sample 679SB01101. Phorate was detected at 10 pg/kg. Seven pesticides 

were detected in the subsurface soil. All other surface and subsurface samples were far below 

their RBCs and SSLs. 

Three pesticides were detected in surface soil at grid soil boring GDISB01401, at concentrations 

far below their respective RBCs. No pesticides were detected in the subsurface soil at 

GDISB01402. 

Other Organic Compounds in Soil 

Tributyltin was detected in subsurface soil at 2.70 pglkg, below the tributyltin oxide RBC of 

2300 pglkg. 

Dioxins were detected in soil at AOC 6781679. In accordance with the recent dioxin guidance and 

Section 7 of this report, TEQs were calculated. The maximum TEQ for the surface sample was 

calculated at 3.71E-3 ~ g l k g  and the calculated TEQ for the subsurface sample was 1 ,ME-4 pglkg, 

well below the RBC and SSL. 

Inorganics in Soil 

Seventeen metals were detected in surface soil at AOC 6781679. Only chromium exceeded its 

RBC and background. Chromium exceeded its RBC (39 mglkg) and surface background 

concentration (34.5 mglkg) in four surface samples. Sixteen metals were detected in the 
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subsurface soil. Lead and mercury exceeded their SSL and subsurface background concentration 

each in one sample. No other subsurface samples exceeded their SSL and background. 

Twelve metals were detected in surface soil at grid soil boring GDISBOl4. Two metals, barium 

and chromium, exceed their RBC and surface background values in the surface soil sample. 

Barium was detected in the surface soil sample at 1180 mglkg, and chromium at 268 mglkg. The 

remaining surface samples did not exceed their respective RBC and background. 

Nine metals were detected in the subsurface sample from GDISB014. None of these detections 

exceeded the SSL and background values. 

10.4.3 Groundwater Sampling and Analysis 

The Final Zone I RFI Work Plan (E/A&H, February 1995) proposed three shallow monitoring 

wells at AOC 6781679. Subsequent to the work plan, geoprobe samples were collected to further 

define the extent of contamination at former firefighter "mock up" areas, and a fourth well was 

installed at the wash rack site. Six rounds of groundwater sampling were completed. During the 

first round of sampling, wells were sampled for VOCs, SVOCs, metals, cyanide, pesticides, 

PCBs, organotins, chlorides, TDS, and sulfates at DQO Level 111. Samples from rounds two and 

three were analyzed for cyanide and metals. Fourth round samples were analyzed for chloride, 

cyanide, sulfate, metals, pesticides, VOCs, and TDS. Fifth round samples were taken from five 

shallow and four deep geoprobe samples collected along the boundary between AOC 679 and 680. 

These samples were analyzed for VOCs and SVOCs. A duplicate sample was taken in rounds 

two, three, four, and five. Sixth round sampling was conducted on well 679001 only and samples 

were analyzed for VOCs only. In addition, a shallow and deep grid-based monitoring well pair, 

GDI014 and GDI14D, was proposed and installed for use in characterizing the zone perimeter 

groundwater. Table 10.4.5 summarizes the groundwater sampling at AOC 678/679. 
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Groundwater samples were also collected from a shallowldeep grid monitoring well pair I 

(GDIO14lGDI14D). Both wells were sampled during the first four sampling events, and all 2 

samples were analyzed for the standard suite of parameters, plus chloride, sulfate, and TDS. 3 

Results of these analyses are discussed in the AOC 678 and 679 nature and extent section and are 4 

presented in Appendix D. 5 

Table 10.4.5 
AOC 6781679 

Groundwater Sampling Summary 

sampling Sampling Number 
Round Date of Wells Sample Analyses Comments 

Standard Suite, 
Organorins, 

ChIorides, TDS, 
Sulfates 

2 01/15/96 3 Cyanide, Metals 

Duplicate - 1 Cyanide. Metals 

3 05/24/% 3 Cyanide, Metals 
06/04/96 
06/05/96 Duplicate - 1 Cyanide, Metals 

3 Chloride, Cyanide, 
Sulfate. Metals, 

Pesticides, VOCs, TDS 

Duplicate -1  Appendix IX 

5 03116198 5 VOCs, SVOCs Five shallow and four deep 
gcopfobe samples were collected 

Duplicate - 1 along thc boundary between AOC vOCs' SvoCs 
679 ard A W  680. 

6 10119198 1 VOCs Only Well 679001 was 
sampled during this round. 

Notes: 
Standard Suite - VOCs, SVOCs, metals, cyanide, pesticides and PCBs at DQO Level HI. 
Appendix IX - Analyses included pesticides and VOCs only, plus chloride, cyanide, sulfate, metals and TDS. 

Figure 10.4.1 shows the AOC 6781679 monitoring well locations. All shallow monitoring wells 1 

were installed between 12.5 to 13.0 feet bgs in the upper sand layer of the Wando Formation. 2 
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Deep well GDI14D was installed at 37.5 feet bgs. All wells were installed in accordance I 

Section 3.2.3 of this report. 2 

10.4.4 Nature and Extent of Contamination for Groundwater 3 

Table 10.4.6 summarizes organic analytical results for groundwater. Table 10.4.7 summarizes 4 

inorganic analytical results for groundwater. Table 10.4.8 summarizes all analytes detected in 5 

shallow groundwater at AOC 6781679. 6 

Table 10.4.6 
AOC 6781679 

Organic Compound Anatyticai Results for Groundwater (pg/L) 

Number of Samples 
Sampling Detection Detection Tap Water Exceeding 

Parameters Round Frequen ey Range Mean RBCMCL RBCIMCL 

Volatile Organic Compounds 

Acetone First Qi3 ND ND 370MA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 013 ND ND 0 
Fifth 515 6.0 - 28.0 14.6 0 
Sixth 011 ND NI, 0 

Carbon Disulfide 

Chlorobenzene 

First 013 ND ND 1001NA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 013 ND ND 0 
Fifth 3 /5 0.23 - 0.56 0.35 0 
Sixth 01 1 ND ND 0 

First 013 ND ND 3.51NA 0 
Second 010 ND ND 0 
Third 0/0 ND ND 0 
Fourth 013 ND ND 0 
Fi fih 115 6.5 6.5 1 
Sixth 011 M) ND 0 

Methy lene chloride First 113 1 .O 1 .O 4.1lNA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 013 ND ND 0 
Fifth\ 015 ND ND 0 
Sixth 01 1 ND ND 0 
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Table 10.4.6 
AOC 6781679 

Organic Compound Analytical Results for Groundwater (pglL) 

Number of Samples 
Sampfing Detection Detection Tap Water Exceeding 

Parnmeters Round F req uen cv R a n e  P: Mean RBCIMCL RBCIMCL 

1,2-Dichloroethene First 013 ND ND 5.51NA 0 
(total) Second 010 ND NI) 0 

Third 010 ND NI) 0 
Fourth 013 ND ND 0 
Fifth 115 0.84 0.84 0 
Sixth O/ I ND ND 0 

Acenaphrhene First 013 ND ND 220/NA 0 
Second OIO ND ND 0 
Third 010 ND ND 0 
Fourth 0/0 ND ND 0 
Fifth 2/5 1.2 - 2.9 2.65 0 
Sixth 01 1 ND ND 0 

Anthracene First 013 ND ND I ,  1001NA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 I .O 1 .O 0 
Sixth 01 1 ND ND 0 

First Of3 ND ND 0.0092tO.2 0 
Second 010 ND ND 0 
Third O/O ND ND 0 
Fourth 010 NI) ND 0 
Fifth 115 0.063 0.063 1 
Sixth 0/1 ND ND 0 

Benzo(a)anthracene First 013 ND ND 0.092tNA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 0.62 0.62 1 
Sixth 01 1 ND ND 0 

Chrysene First 013 ND ND 9.2/NA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 0.81 0.81 0 
Sixth 01 1 ND ND 0 



Zone I RCRA Facility lnvrstigan'on Repon 
Charleston Naval Complex 

Section 10 - Sire-Specflc Evaluations 
Revision: 0 

Table 10.4.6 
AOC 6781679 

Organic Compound Analytical Results for Groundwater (&L) 

Number of Samples 
Sampling Detection Detection Tap Water Exceediig 

Parameters Round Frequency Range Mean RBCMCL RBCMCL 

Bis(2- First 013 ND ND 4.8lNA 0 
ethy lhexy 1)phthalate Second O/O ND ND 0 
(BEHP) Third 010 ND ND 0 

Fourth 010 ND ND 0 
Fifth 115 1 .O 1 .O 0 
Sixth O/ 1 ND ND 0 

Ruoranthene First 0/3 ND ND IM/NA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fowth 010 ND ND 0 
Fifth 215 2.8 - 3.0 2.9 0 
Sixtb Oil ND ND 0 

Phenanthrene 

Fluorene 

Naphthalene 

First 013 ND ND l1OINA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 6.0 6.0 0 
Sixth 01 1 ND ND 0 

First 013 ND ND 110MA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 215 2.6 - 2.8 2.7 0 
Sixth Of 1 ND ND 0 

First 013 ND ND l5OlNA 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 2.0 2.0 0 
Sixth 01 1 ND ND 0 

First 0/3 ND ND 1 SOMA 0 
Second 010 ND ND 0 
Third O/O ND ND 0 
Fourth 010 ND ND 0 
Fifth 115 4.8 4.8 0 

Notes: 
NA = Not applicablelNot available 
ND = Not detected1Not determined 
NL = Not listed 
pglL = micrograms per titer 
See Table 5.5 for organic screening concentrations and their sources. 
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Table 10.4.7 
AOC 6n1m 

Inorgnuic Analytical RwltP for Groundwater 

Number of Samples 
Snmple Detection Detection Tap Water Shallow Exceeding Lower of RBC 

Parameters Round Frequency Range Mrna RBClMCL Background or MCL and Background 

Aluminum First 113 171 I71 3.70ONL 1.440 0 
Second 213 31.7 -204 118 0 
Third 013 ND ND 0 
Fourth 213 26.2 - 69.1 47.7 0 
Fifth 010 ND ND 0 
Sixth 01 1 ND ND 0 

Arsemc (As) First 113 5.3 5.3 0.045/50 23 0 
Second 013 ND ND 0 
Third 113 11.6 11.6 0 
Fourth 0/3 ND ND 0 
FIM 010 ND ND 0 
Sixth 01 1 ND ND 0 

Barium (Ba) First 113 11.3 11.3 26012,000 2.3 0 
Second 213 10.1 - 17.6 13.9 0 
Thtrd 013 ND ND 0 
Fourth 213 14.9 - 21.8 18.4 0 
F i  010 ND ND 0 
Sixth 01 1 ND ND 0 

Cadmlum First 113 0.30 0.30 1.815 N A 0 
(Cd) Second 013 ND ND 0 

Third 013 ND ND 0 
Fourth 013 ND ND 0 
Fifth 010 ND ND 0 
 SIX^ O/ 1 ND ND 0 

Chrommm Fmt 213 1.6 - 1.7 1.65 18111X) 14.3 0 
(Cd Second 2.13 1.3 - 2.65 1.98 0 

Third 013 ND ND 0 
Fourth 013 ND ND 0 
Fifth Of0 ND ND 0 
Sixth O/ 1 ND ND 0 

Lead (Pb) F~rst 213 2.6 - 3 5 3.05 15\15 4.4 0 
Second 013 ND ND 0 
Third 0/3 ND ND 0 
Fourth 013 ND ND 0 
Fifth 010 ND ND 0 
Sixth O/ 1 ND ND 0 

Manganese First 3i3 42.3 - 245 139 73fNL 5,430 0 
(Mnl Second 213 220 - 338 279 0 

Thitd 113 663 663 0 
Fourth 213 126- 187 157 0 
Fifth 010 ND ND 0 
Sixth 11 1 42.3 42.3 0 
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Table 10.4.7 
AOC 6781679 

Inorgnoic Analytical R e d t s  for Groundwater @g/L) 

Number of Samples 
Sample Detection Detection Tap Water Shallow Exceeding Lower of RBC 

Parameters Round Frequency Range Mean RBClMCL Background or MCL and Background 

Nickel (Ni) Ftrst 213 1.5 - 2.5 2.0 731100 13.3 0 
Second 013 ND ND 0 
Thrrd 113 1.9 1.9 0 
Fourth 013 ND ND 0 
Fifth 010 ND ND 0 
S~xth 01 l ND ND 0 

Selenuun (Se) First 013 ND ND 18150 ND 0 
Secood 0/3 ND ND 0 
Tnird 013 ND ND 0 
f ourth 113 3.1 301 0 
Fifth 010 N D  ND 0 
Slxth O/ 1 ND ND 0 

Vanadlum F~rst 113 1.0 1 .O 261NL 14 0 
Second 013 ND ND 0 
Third 013 ND ND 0 
Fourth 013 ND ND 0 
Fifth 010 ND ND 0 
S txth 01 1 ND ND 0 

ZIK (Zn) F~rst 113 11.5 1 .  1,100/NL 14 0 
Second 013 ND ND 0 
Third 013 ND ND 0 
Fourth 0/3 ND ND 0 
Fifth Of0 ND ND 0 
Siah O/ 1 ND N D  0 

Notes: 
NA = Not applicable1Not available 
ND = Not detected1Not determined 
NL = Not listed 
pg/L = micrograms per liter 
See Table 5.6 for inorganic screening concentrations and their sources. 
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Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluations 

Volatile Organic Compounds in Groundwater 1 

Five VOCs were detected in shallow groundwater samples. These detections were all in 2 

round five from the geoprobe samples. Chlorobenzene was detected once and exceeded its 3 

tap-water RBC (3.5 ,ug/L) with a result of 6.5 pg/L in sample 678GP00201. The remaining 4 

VOCs were below their respective tap-water RBC. 5 

Two VOCs, acetone and chlorobenzene, were detected in shallow groundwater at GDI014 in 

rounds two and three respectively. All concentrations were far below the tap-water RBCs. 

Four VOCs , acetone, carbon disulfide, chlorobenzene , and 1,2dichloroethene (total), were 

detected in deep groundwater samples from the geoprobe samples in round five. Once again 

chlorobenzene exceeded its tap-water RBC at 8.95 ng/L in 6 7 8 0 2 0 2 .  All other VOCs were 

below their respective tap-water R3Cs. 

Five VOCs (2-butanone (MEK), acetone, carbon disulfide, rnethylene chloride, and chloroethane) 

were detected in deep groundwater at deep grid well GDI14D. Only one, cldoroethane, exceeded 

its tap-water-RBC. 

Semivolatile Organic Compounds in Groundwater 

Ten SVOCs were detected in shallow groundwater during the fifth round of sampling. One 

SVOC, benzo(a)anthrancene, exceeded its tap-water RBC. 

Eleven SVOCs were detected in shallow groundwater at GDI014. Three (1,2,3,4- 

tetrachlorobenzene, dibenzofuran, and pentachlorophenol) exceeded their tap-water RBC. 



Zone I RCRA Facility lnvestigan'on Report 
Charleston Naval Complex 
Section 10 - Site-Specijic E v a ~ o n s  

In accordance with recent cPAH guidance and Section 7 of this report, BEQs were calculated for 

cPAHs at AOC 678/679. The BEQ for shallow groundwater sample 678GP002 is 0.063 pglL, 

which exceeds the RBC for benzo(a) pyrene of 0.0092 pg/L. 

Eight SVOCs were detected in deep groundwater geoprobe samples, All SVOCs were detected 

in the fifth round of sampling and none exceeded its tap-water RBC. Three SVOCs, benzoic acid, 

diethylphthalate, and phenol, were detected in deep groundwater at deep grid well GDI14D. All 

three SVOCs were far below their tap-water RBC. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow groundwater samples collected at AOC 6781679. 

Aroclor-1260 was detected in the shallow grid well GDI014. Aroclor-1260 was detected at 

1.30 pg/L, exceeding its RBC of 0.0087 ,uglL. No pesticides or PCBs were detected in the deep 

groundwater sample from GDI14D. 

Inorganics in Groundwater 

Eleven metals were detected in AOC 6781679 shallow groundwater samples. None of the 

detections exceeded the RBC and shallow background values. 

In all, ten metals were detected during four groundwater sampling rounds at shallow grid well 

GDI014. All concentrations were far below their respective tap-water RBCs and shallow 

groundwater background concentrations. Ten metals were also detected during the four 

groundwater sampling rounds at deep grid well GDIl4D. Again, all concentrations were far 

below their MCLs andlor deep background values. 
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Revision: 0 

10.4.5 Fate m d  Transport Assessment 

AOC 678 is the former site of Building 2-V, the Firefighter School, northeast of Building NS-1 

in the northeastern portion of the southern peninsula. The firefighting school was reportedly 

constructed in 1947 and demolished circa 1955. Controlled fires may have been ignited and 

extinguished onsite for firefighter training. No other details regarding the design features or 

operating practices were available. Currently, the area is a paved parking lot. 

AOC 679 consists of a former wash rack noted on early CNC maps from the 1930s and 1940s. 

This former wash rack was located off the west edge of Building NS-1. No information is 

available regarding the design features, years of operation, or operating practices for the wash 

rack. It is assumed that activities at this unit included washing or cleaning of equipment in an 

external wash area. 

Environmental media sampled as part of the as AOC 6781679 investigation include surface soil, 

subsurface soil, and shallow groundwater. Potential constituent migration pathways investigated 

include soil to groundwater, groundwater migration, and emission of volatiles from surface soil 

to air. Additionally, an effort to preliminarily address the issue of discharge to surface water 

receptors was made. This assessment is intended to serve as a qualitative analysis using the 

analytical data for these media coupled with the current understanding of hydrogeological 

conditions at the site. 

10.4.5.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.4.9 and 10.4.10 compare maximum detected organic and inorganic constituent 

concentrations respectively in surface soil and subsurface soil samples to risk-based soil screening 

levels considered protective of groundwater. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, 

with no attenuation of constituents in soil (DAF= 10). 
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Two organic compounds - acetaphenone and beta-BHC - were present in surface soil above their 

respective screening values. There were no organic exceedances in subsurface soil. Acetaphenone 

was detected in only one sample (679SB00801), while beta-BHC was detected in only two. 

Figure 10.4.2 presents the beta-BHC concentrations detected at AOC 6781679. The limited 

occurrence of these compounds is indicative of very little residual mass in soil available to leach 

via this pathway. The sources of these compounds in soil are not likely to be directly associated 

with past site activities (hydrocarbon burning as part of firefighting activities). Additionally, 

neither of these compounds was detected in groundwater. Consequently the pathway is considered 

invalid with respect to organics. 

Three inorganics - chromium, lead and mercury - were present in soil above their respective 

screening values. Both lead and mercury exhibit an increase in concentration in subsurface soil, 

are above the zone background in subsurface soil, and are below their SSLs in surface soil. 

Conversely, chromium exhibited a decrease in concentration in subsurface soil. The reason for 

lead and mercury to be relatively enriched with depth is unknown, but would require some 

mobilizing agent having a relatively low pH (something not likely directly associated with site 

activities). However, many of the detected metals exhibited similar trends. It is both possible and 

probable that these trends are a result of natural variation in the site soil, which can occur in both 

native and non-native material. Mercury was not detected in site groundwater, whereas chromium 

and lead were widely detected, therefore validating the migration pathway. Figures 10.4.3, 

10.4.4, and 10.4.5 present the concentrations of chromium, lead, and mercury respectively 

detected at AOC 67781679. However, none of these detections were above groundwater screening 

values, and the pathway is not expected to be significant with respect to them. 

10.4.5.2 Groundwater Migration and Surface Water Cross-Media Transport 

Tables 10.4.9 and 10.4.10 compare maximum detected organic and inorganic constituent 

concentrations respectively in shallow groundwater samples to risk-based concentrations for 
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drinking water, and to chronic ambient saltwater quality criteria values for the proteotion of 

aquatic fife (saltwater surface water chronic screening values). For inorganics, maximum 

concentrations in groundwater are screened against the greater of (a) risk-based drinking water 

concentrations or (b) corresponding background reference concentrations for groundwater, as well 

as to the saltwater surface water chronic values. To provide a conservative screening, no 

attenuation or dilution of constituents in groundwater is assumed before comparison to the relevant 

standards. It should be noted at the beginning of this discussion that the risk-based pathway for 

shallow groundwater is currently an invalid pathway simply because there is no human 

consumption of the groundwater, e.g. there is no end-use receptor. This comparison is made for 

screening only, and to develop strategies for long-term management of the groundwater should 

an area containing deleterious levels be identified, 

Benzo(a)pyrene equivalents (BEQs), and in particular benzo(a)anthracene, were present above 

their RBC values in groundwater. Both benzo(a)anthracene and BEQs were detected in soil, but 

at concentrations less than their SSL. Detection of benzo(a)anthracene was very limited however, 

(only in one geoprobe water sample during the fifth sampling round) and it was actually nondetect 

during the sixth sampling round at well 679001. The source of these constituents in groundwater 

may be associated with past site activities, given that wastes of concern include petroleunl, used 

oil, and grease. Even though detections are not consistent nor at notably high levels, the migration 

pathway is considered valid, but is not significant due to non-use of the resource. Figures 10.4.6 

and 10.4.7 present the detected concentrations of BEQ, and benzo(a)anthracene, respectively, at 

AOC 678679. 

One organic - flouranthene - was present in groundwater above its screening value for surface 

water migration. It was detected in two of five geoprobe groundwater samples during the fifth 

sampling round, but only slightly exceeded its screening criteria. It was present in soil below its 

SSL, and the source may well be associated with past site activities. Figure 10.4.8 presents the 



ND ND a ND 
NS 67958005 

6798803 5 
N S 

ND ND 
678GP003 

NS 
NS 679SB009 ND 

I 
679001 ND 

ND 
!ai 1, :., 

5. : *, NB 
6: r 

-. 

678G PO05 
ND 

LEGEND 
ZONE I - RCRA 

MONITORING WELL LOCATION FACILITY lNVESTlGATlON 
ZONE I SOIL BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE Sol L CONC (UGIKG) CHARLESTON, SC 
:2 30 ZONE I SUBSURFACE SOIL CONC (UGIKG) 
72 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN FIGURE 10.4 2 
ND NON DETECT ZONE 1 

AOC 6781679 
BETA-BHC 

ZONE l EXCEEDANCES 
SOIL AND GW CONCENTRATIONS 

MCL=NA RBC=350 UGIKG SSL=1 3 UGlKG 



-. 
- d ' .,L 

6783801 1 
678S8014 10 7 

NS 67858008 am 
6788601 2 35.8 678S8002 6 7 9 ~ ~ 0 0 4  

5 1  6 5  8 5  
NS 67958005 

679SE015 
18 1 
13 3 
m NS 679SE009 

679001 9 " a  .' . 8.7 
N D .i 'i - 3 ', 

LEGEND -- - 

ZONE I - RCRA 
MON~TORING WELL LOCATION FACILITY INVESTlGATlON 
ZONE I SOIL BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOIL CONC (MGIKG) CHARLESTON, SC 
f 2 30 ZONE I SUBSURFACE SOlL CONC (MGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN FIGURE 10.4.3 
ND NON DETECT 

AOC 6781679 
CHROMIUM 

ZONE I EXCEEDANCES 
SOIL AND GW CONCENTRATIONS 

MCL=NA RBC=39 MGIKG SSL=?9 MGIKG 



-- -_ c X  fr ' J 
i 

,,,' i 
-+ 

-C-.-x.. * \," 

,' 
.I - -- " -7  A .-- I? 

---+ .-- /=, . .I 

-" _ _  
*U 

% -. i_ 8 % /"', . - +' f 
** 

-- " --- * .- . ..'. -.. < 
, 

N 
-. . ? X 

-,* ?d4---%.> . ,,, 

4 -. . 
--, L. - - >_ -* -- .. 

*% .-.c --.. . \ . --<.., .- -"-. --.. 
\ 

678SBOl I 678002 ky  
678SB014 v 4, Z 

5 5 .  'A* % 

'--. 
j ' ' BN: 87BSBO08 c. 

L- 
-,. 

j NS 6785801 2 25 5 67888002 679~8004 *.-, 
678S8013 -\\, *I 

id> IS 39 ' 4  *i i: 678fi6' 678S8007 6 8 NS 67958005 -. + 
31 677SOB5003 679SBO03 4 7 -. a2 6 52 6 6 ;kkk '- -, <-. 

- a,-"- .. 678SB001 13 1 .. ,? - NS 679.~8006 6tgr1 678~~001 \ .  

' & < .  ** . 6 9SB002 8 3  NS -x , 5 3 
h 2 3 6782zoo6 67858005 4 1 %-. %I -. 

r %, ' 4.3 NS 6795801 1 
NS 67958007 

i 

k 

2 2 NS 55 
-. 

, 3 - ** 

i ; NS 
k. 

"-, . 6795801 5 6795801 0 
24 2 979SB008 5 

rn ---.. 
6 2  0 3 1  678GP003 

678GP002 
2 1 

NS 679SB009 NS NS 
' a 

679001 5.6 
N D A 4'b*., 1 -'.A 

*.I_. 

-<+ 
*\ __-. - - *  -- " - -- - *L ". - ".w"-*----n .. 

.* 
678G PO04 - % A ,  

"_*. - - -  " -. 
k. 

"."? 

k. '%. \.< - - h ,* .- -- j' --- 
1 

L*-* 

410 
-.. - _  , L3 

".. 
-r .- 

. , 
*." % 2 

\ 
' .  

. *-"s' L 

-+. rn r 1  

678GPOOF - 

'\ 
NS , , 

., \." 
r i  

r i 

$. . ' (' 

\% r 

\% flF 
, ' . 4f2 

," i x,L 
.? c+ "\ 'k / r ~3*4~ \ 

( / '  J *. . . 
'.,* 

>>. \ 
iF b,?. 

J *  \ ' .>\ 
LEGEND 

MONITORING WELL LOCATION 
ZONE I SOIL BORING LOCATION 

12.30 ZONE i SURFACE SOIL CONC (MGJKG) 
12 ZONE I SUBSURFACE SOIL CONC (MGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGJL) 
NS NO SAMPLE TAKEN 
ND NON DETECT 

"Ilr 

SCALE 
0 50 1 00 150 200Feet  

ZONE I - RCRA 
FACl LlTY I NVESTIGATION 
NAVAL BASE CHARLESTON 
CHARLESTON, SC 

FIGURE 10.4.4 
ZONE l 

AOC 678/679 
LEAD 

ZONE l EXCEEDANCES 
SOlL AND GW CONCENTRAT1ONS 

MCL=NA RBC=400 MGIKG SSL=400 MGJKG 



6785801 1 

6795801 5 
b 13 
ND ND ND 

NS 679S8009 
679001 

N D 

678GP005 
NS 

LEGEND -- 
ZONE I - RCRA 

MONITORING WELL LOCATION FACILITY INVESTIGATION 
ZONE I SOIL BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
12 30 ZONE I SUBSURFACE SOIL CONC JMGtKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN FIGURE 10.4.5 
ND NON DETECT ZONE l 

AOC 6781679 
MERCURY 

ZONE l EXCEEDANCES 
SOlL AND GW CONCENTRATIONS 

CL=2 UGlL RBC=2.3 MGIKG SSL=f MGIKG 



I 
I 

6 2 9 ~ ~ 0 1 5  
!37 1 678GP003 

2' ND 
NS 67966009 

679001 
ND 

" " ,- ' *  \. -.- n _ * A" ,.* 678GP004 

ZONE I - RCRA 
MONITORING WELL LOCATION FACILITY INVESTIGATION 
ZONE I SO1 L BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOIL CONC (UGIKG) CHARLESTON, SC 
'2 33 ZONE I SUBSURFACE SOlL CONC (UGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT ZONE l 

AOC 6781679 
-3% 

ZONE I EXCEEDANCES 
SCALE SOIL AND GW CONCENTRATIONS 

0 50 100 150 200 Feet 

MCL=.2 UGlL RBC=87 UGlKG SSL=1600 UGlKG 



679S8015 
: 27 678GPO03 

N D ND ND 
NS 679SB009 ND 

679001 

ND 

678GP004 

678GP005 
N D 

ZONE I - RCRA 
MONITORING WELL LOCATION FACILITY INVESTIGATION 
ZONE I SOIL BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOIL CONC (UGIKG) CHARLESTON, SC 
12 30 ZONE I SUBSURFACE SOlL CONC (UGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIt)  
NS NO SAMPLE TAKEN FIGURE 10 4 7 
ND NON DETECT 

AOC 6781679 
BENZ0fA)ANTHRACENE 
ZONE l EXCEEDANCES 

SCALE SOIL AND GW CONCENTRATIONS 

MCL=NA RBC=870 UGIKG SSL=800 UGIKG 



il 

67&~015 
,, 26 

* ND ND 50 
+ a  

679001 
N D 

678GP004 % 

678GP005 
N D 

ZONE I - RCRA 
MONITORING WELL LOCATION FACILITY lNVESTlGATlON 
ZONE I SOIL BORING LOCATION NAVAL BASE CHARLESTON 

12 30 ZONE I SURFACE SOIL CONC (UGIKG) CHARLESTON, SC 
:2 30 ZONE I SUBSURFACE SOlL CONC (UGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN FIGURE 10.4.8 
ND NON DETECT ZONE 1 

AOC 6781679 
FLUORANTHENE 

SCALE 
ZONE l EXCEEDANCES 

SOlL AND GW CONCENTRATIONS 

MCL=NA RBC=32 0000 UGIKG SSL=2100000 UGlKG 



Zone I RCRA Facility Investigation Report 
Charleston Naval Compla 

Section 10 - Site-Specific Evaluutions 
Revision: 0 

detections of flouranthene at AOC 678/679. The Cooper River is a potential receptor, thus 

validating the pathway. However, the relatively low detected concentrations of flouranthene, 

coupled with expected dilution upon discharge to the Cooper River, suggest that the pathway is 

not expected to be significant. 

10.4.5.3 Soil to Air Cross-Media Transport 

No surface soil parameters were present above their respective screening values for the soil to air 

pathway, thus the pathway is considered invalid for this AOC. 

10.4.5.4 Fate and Transport Summary 

Acetaphenone, beta-BHC, chromium, lead, and mercury were present in soil above their 

respective SSLs. Neither of the organics was detected in site groundwater, thus the pathway is 

considered invalid with respect to them. Lead and mercury exhibited an increase in concentration 

with depth, a trend noted in many of the detected metals. Conversely, chromium exhibited a 

decrease with depth. Because the site history does not include the use of potential mobilizing 

agents for metals, it is expected that these trends with depth represent natural variations within the 

site soil. Both lead and chromium were detected in groundwater, thus the pathway is considered 

valid with respect to them. 

BEQs and in particular benzo(a)anthracene, were present in site groundwater at concentrations 

above their respective RBCs. Detection of benzo(a)anthracene was very limited, however, and 

it was actually nondetected during the most recent sampling round. Even though detections are 

not consistent in terms of frequency or concentration, the pathway is considered valid but not 

significant due to non-use of the resource. 

Flouranthene was detected in two of five geoprobe groundwater samples during the fifth sampling 

round slightly above its surface water screening criteria. The Cooper River is a potential receptor 

based on groundwater flow and proximity. Therefore the pathway is considered valid, but given 

10.4.63 
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the concentrations and the potential for attenuation along the flowpath and dilution upon discharge, 

it is not expected to be significant. 

Given the absence of surface soil exceedances for inhalation screening values, the soil to air 

pathway is considered invalid. 

10.4.6 Human Health Risk Assessment 

10.4.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 678/679 (combined AOC 678) was the assessment of soil 

and groundwater potentially affected by past site activities. AOC 678 is the former firefighter 

school, former Building V-2, a potential site of controlled burning of ignitable materials, 

AOC 679 is a former wash rack location. There is no information regarding the type of structure 

that existed, operating practices or other activities conducted at these sites. 

AOC 678 is the former site of Building 2-V, the Firefighter School, northeast of Building NS-1 

in the northeastern portion of the southern peninsula. The firefighting school was reportedly 

constructed in 1947 and demolished circa 1955. Controlled fires may have been ignited and 

extinguished onsite for firefighter training. No other details regarding the design features or 

operating practices were available. Currently, the area is a paved parking lot. 

AOC 679 consists of a former wash rack noted on early CNC maps for the 1930s and 1940s. This 

former wash rack was located off the west edge of Building NS-1. No information is available 

regarding the design features. Years of operation, or operating practices for the wash rack. It is 

assumed that activities at this unit included washing or cleaning of equipment in an external wash 

area. 

The Final Zone I RFI Work Plan (E/A&H, February 1995) proposed three shallow monitoring 

wells at AOC 6781679. Subsequent to the work plan, geoprobe sample were collected to further 
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define the extent of contamination at former firefighter "mock up" areas, and a fourth well was 

installed at the wash rack site. Six rounds of groundwater sampIing were completed. During the 

first round of sampling, wells were sampled for VOCs, SVOCs, metals, cyanide, pesticides, 

PCBs, organotins, chlorides, TDS, and sulfates at DQO Level III. Samples from rounds two and 

three were analyzed for cyanide and metals. Fourth round samples were analyzed for chloride, 

cyanide, sulfate, metals, pesticides, VOCs, and TDS. Fifth round samples were taken from five 

shallow and four deep geoprobe samples collected along the boundary between AOC 679 and 680. 

These samples were analyzed for VOCs and SVOCs. A duplicate sample was taken in rounds 

two, three, four, and five. Sixth round sampling was conducted on well 679001 only and samples 

were analyzed for VOCs only. In addition, a shallow and deep grid-based monitoring well pair, 

GDI014 and GDI14D, was proposed and installed for use in characterizing the zone perimeter 

groundwater. Figure 10.4.1 shows the AOC 6781679 monitoring well and soil sampling locations. 

10.4.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RF1 and presented in 

Table 10.4.11, the focus of this HHRA is on the following COPCs: benzo(a)pyrene equivalents, 

chromium, isodrin, and phorate. Wilcoxon rank sum test analyses did not result in the inclusion 

of any inorganic parameters that had been screened out on the basis of background concentration 

comparisons. 

Groundwater 

As shown in Table 10.4.12, no COPCs were identified in shallow groundwater for this site. 

Arsenic and manganese were detected at maximum concentrations exceeding their RBCs but not 

exceeding their background concentrations. These inorganic parameters were therefore eliminated 

from further consideration in the combined 678 HHRA. Wilcoxon rank sum test analyses did not 

result in the inclusion of any inorganic parameters that had been screened out on the basis of 

background concentration comparisons. 
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10.4.6.3 Exposure Assessment 

Exposure Setting 

AOC 678 is a former firefighter school, former Building V-2, and potential site of controlled 

burning of ignitable materials. AOC 679 is a former wash rack. Surrounding land associated with 

combined AOC 678 is currently used as an asphalt-paved parking area. The future use of this 

combined AOC is unknown, although it is located in a section of CNC currently slated to become 

a marine cargo terminal in base reuse plans. At1 potable water is provided through the city's water 

supply. Shallow groundwater at the site is not currently nor anticipated to be used in the future 

as potable or process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed in this risk assessment. Current exposure to workers is discussed qualitatively in 

relation to the future workers and hture residents. The hypothetical future site worker scenario 

assumed continuous exposure to surface soil conditions and the use of shallow groundwater as a 

potable water source. Current site workers' exposure would be less than that assumed for the 

hypothetical future site worker scenario because of their limited soil contact. Therefore, future 

worker assessment is considered to be protective of current site users. The resident child soenario 

was considered to be conservatively representative of the adolescent trespasser. The future site 

resident scenario was built on the premise that existing buildings would be removed and replaced 

with dwellings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents and site workers are dermal contact 

with and incidental ingestion of COPCs in surface soils. The groundwater pathways were 
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excluded because there were no COPCs identified. Uniform exposure was assumed for all sample 

locations, Table 10.4.13 presents the justification for exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, 95 % UCLs were calculated for datasets consisting of at least 

10 samples. 95 46 UCLs calculated for soils are presented in Table 10.4.14. Since less than 10 

samples were collected for phorate, the maximum detected concentration was used as the EPC. 

As shown in Table 10.4.14, the maximum concentrations of benzo(a)pyrene equivalents were used 

to quantify exposure using the 'hot spot' approach. Benzo(a)pyrene equivalents were detected in 

only four of 23 surface soil samples collected (678SB001,678SB003,678SB008 and 679SBOl S), 

at a maximum concentration of 0.253 mglkg. These samples were collected in the northwest 

section of the AOC and were surrounded by samples with no quantifiable concentrations of this 

COPC. As a result, it was deemed appropriate to derive a fraction ingestedlcontacted (FIIFC) 

factor accounting for the limited areal extent of the contaminant in surface soil. This factor was 

conservatively estimated to be 0.2, indicating that the maximum concentrations reported were 

representative of soil quality of 20% of the potential exposure area. The FIIFC factor was used 

to adjust the EPC for benzo(a)pyrene equivalents. The 95 % UCLs were used as the EPCs for 

isodrin and chromium. Isodrin was detected in two samples (679SB006 and 679SB007) with a 

maximum concentration of 1,000 pglkg.  Based on the limited extent of the reported isodrin 

impacts, an FIIFC factor of 0.1 was conservatively estimated. This factor was used to adjust the 

EPC for isodrin. 

Quantification of Exposure 

Soil 

CDIs for ingestion of and dermal contact with soils are shown in Tables 10.4.15 and 10.4.16, 

respectively. 
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Table 10.4.13 
Exposure Pathways Summnry - AOC 6781679 

Chnrlcrtaa Navnl Compltx - Zone I 
Charleston, South C a r o h  

Potentially Expased Medium and Pathway Selected 
PopulPtion Expomve Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Inhalation of gaseous No Fate and tmqmrt scrrcning did mt identify any 
UserslMninlrnance contaminarm emanating from COPCs for this indirect exposure pathway. 
( S i  W0rkm) soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other patbwa,ys. 

ShaIIow gmundwater, No Shallow groundwater is not currently used as a 
Ingestion of contarninants swrce of patabIe or nonresidential water at 
during potable or general use combined AOC 678. 

Shallow groundwater, 
Inhalation of votatilized 
shallow groundwater 
contaminants 

No Shallow groundwater is not currently used as a 
source of potable or nonresidential water at 
combined AOC 678. 

Soil, Incidental ingestion No (Qua1ifM) F u m  site us+ is considered conservatively 
representative of current site use. 

Soil, Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses 

Future Site Residents Air, Wlation of gaseous No Fate mnsport s c d n g  a d  not identify any 
(Child and Addt) and contaminants emanating from COPCs for titis indirect exposure pathway. 
Future Site Worker soil 

Air, Inhalation of chemicals 
entrained in fugitive dust 

No T h ~ s  exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow groundwater. No No COPCs were identified fw shallow 
Ingestion of cantaminants groundwater based on conswvative screening. 
during potlrble or general use 

Shallow groundwater, No No volatile COPCs were identified for shallow 
Inhalation of volatilized groundwater based on conservative screening. 
contaminants during domestic 
use 

Soit, Incidental ingestion Yes COXs were identified subsequent to risk- 
based and background screening 
comparisons. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening 
comparisons. 

Wild game or domestic No Huntingltaking of game and/or raising 
animals, Ingestion of tissue livestock is prohibited within the Charleston, 
impacted by media South Carolina city limits. 
contaminadon 

Fruits and vegetables, No The potential for significant exposure via this 
Ingestion of plant tissues pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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10.4.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.4.17 

presents toxicological information specific to each COPC identified at combined AOC 678. This 

information was used in the quantification of risk potentially associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons 

(PAHs) : 

Benzo(a)anthr acene 

Benzo(b) fluoranthene 

Dibenz(a,h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyreae 

Indeno(l,2,3 -cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a :lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF of 7.3 (mg/kg-day)-'. Toxicity 

Equivalency Factors (TEFs), also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk. Most carcinogenic 

PAHs have been classified as such due to animal studies using large doses of purified PAHs. 

There is some doubt as to the validity of these listings, and the SFs listed in USEPA's RB(3 table 

are provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 
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other carcinogenic substances (e. g., cod tar, soot, cigarette smoke, etc.). As listed in IRIS, the 

basis for the benzo(a)pyrene B2 classification is animal data. Human data specifically linking 

benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies 

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Chromium exists in two stable, natural forms: trivalent (CrIII) and hexavalent (CrVI). Acute 

exposure to chromium can result in kidney damage following oral exposure or damage to the nasal 

rnucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent 

chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in 

both animals and humans following occupational exposure. Only hexavalent chromium is believed 

to be carcinogenic by inhalation (IRIS, 1999). Oral RfD values are 1.0 mglkg-day (trivalent 

chromium) and 5E-3 mglkg-day (hexavant chromium). For trivalent chromium, the RfD is based 

on liver toxicity in the rat. For the hexavalent form, the IUD is based on unspecified pathological 

changes observed in rat studies. In addition, hexavalent chromium is considered a group A 

carcinogen for inhalation exposures, and a inhalation SF of 41 (mglkg-day)" has been established 

for the hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As 

listed in IRIS, no critical effects were observed for chromium (111). The uncertainty factor was 

100 and the modifying factor was 10. As listed in IRIS, no critical effects were observed for 

chromium (VI). The uncertainty factor was 500 and the modifying factor was 1. 

Isodrin is structurally related to Aldrin (i.e., a stereo isomer) and endrin (the epoxide form of 

isodrin). Toxicity criteria specific to isodrin were unavailable in IRIS or HEAST. For purposes 

of this HHRA, toxicity criteria for Aldrin were adopted to estimate risk associated with isodrin. 

Although endrin has not been classified as a carcinogen by USEPA, aldrin is a B2 carcinogen. 

Therefore, using aldrin as a surrogate compound is more conservative than using endrin as a 

surrogate. Aldrin, a chlorinated pesticide, is metabolized into its epoxide form - dieldrin. Short- 

term exposure to high doses of aldrin and dieldrin causes tremors and convulsions. Chronic 
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exposure can cause emotional and neuromuscular disturbances, and reproductive effects have also 

been shown to be caused by overexposure to these pesticides. Aldrin accumu~ates in adipose tissue 

as an epoxide (i.e., in the form of dieldrin) (Klaassen, et al., 1986). Exposed individuals revert 

to normal approximately one week after the dieldrin source is removed (Dreisbach, et al, 1987). 

Phorate is an organophosphorus insecticide and acaricide used to control sucking and chewing 

insects and is used in pine forests and on root and field crops. The critical effect for phorate is 

chloinesterase inhibition. Phorate is readily absorbed by the skin and the gastrointestinal tract. 

The major breakdown products of phorate in mammals are more toxic and have greater 

anticholinesterase activity than phorate (EXTOXNET). HEAST lists a chronic oral RfD of 

0.0002 mglkg-day . 

10.4.6.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, HQs were 

computed separately to address child and adult exposure. Tables 10.4.18 and 10.4.19 present the 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with COPS in site surface soils, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 

AOC 678/679 surface soils is 2E-06. The dermal pathway ILCR is 1E-06. Isodrin was the 

primary contributor for each pathway with benzo(a)pyrene equivalents contributing to a lesser 

extent. 
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The computed hazard indices for the adult resident were 0.01 for the soil ingestion pathway and 

0.004 for the dermal contact pathway. The computed hazard indices for the child ingestion and 

dermal contact pathways were 0.1 and 0.01 respectively. The primary contributors were 

chromium and isodrin in each case. 

Future Site Workers 

Site worker ILCRs are 2E-07 and 4E-07 for the ingestion and dermal contact pathways, 

respectively. Each COPC contributed less than 1E-06 to the sum ILCR for both pathways. 

Hazard indices for the ingestion and dermal hypothetical pathways were both projected to be less 

than 0.0 1 for the future site worker scenario. 

The entire area which comprises combined AOC 678/679 is an asphalt parking lot. Current site 

users have little chance of exposure to affected surface soil. As a result, the rislu'hazard 

projections discussed above are considered gross overestimates should existing site features be 

maintained under future use scenarios. 

COCs Identified 

COCs were identified based on cumulative (all pathway) risk projected for this site, as shown in 

Table 10.4.20. USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and 

a hazard index threshold of 1 (unity). As recommended by SCDHEC, a COC was considered to 

be any chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative 

hazard index above 1 ,  and whose individual ILCR exceeds 1E-06 or whose HQ exceeds 0.1. For 

carcinogens, this approach is relatively conservative, because a cumulative risk level of 1E-04 (and 

individual ILCR of IE-06) is recommended by USEPA Region IV as the trigger for establishing 

COCs. The COC selection method presented was used in order to provide a more comprehensive 

evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the 

remedial goal options development process. 
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Surface Soils 

Hypothetical Site Residents 

Isodrin was identified as the sole soil pathway COC based on its contribution to cumulative ILCR 

projections. 

Future Site Workers 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for each COC identified above. RBCs used for this comparison were based 

on an ILCR of 1E-06 and/or a HQ of 1 (where applicable). Isodrin was the sole COC identified 

for surface soil, and was detected in two samples (679SB006 and 679SB007) with a maximum 

concentration of 1,000 pg/kg. Based on the limited extent of the reported isodrin impacts, an 

FI/FC factor of 0.1 was conservatively estimated. This factor was used to adjust the EPC for 

isodrin. 

10.4.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. The 

entire area is covered by an asphalt surface, thus precluding exposure to affected surface soil. 

Current site workers are not exposed to site groundwater. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of Zone I, 

specifically as a marine cargo terminal. If this area were to be used as a residential site, the 

buildings would be demolished, asphalt surface removed, and the surface soil conditions would 

likely change - the soils could be covered with landscaping soil and/or a house. Consequently, 

exposure to conditions as represented by samples collected during the RFI would not be Iikely 

under a true future residential scenario. These factors indicate that exposure pathways assessed 

in this HHRA would generally overestimate the risk and hazard posed to current site workers and 

future site residents. 

ShaIlow groundwater is not currently used at combined AOC 678/679 for potable or industrial 

purposes. A basewide system provides drinking and process water to buildings throughout Zone I. 

This system is slated to remain in operation under the current base reuse plan. As a result, 

shallow groundwater would not be expected to be used under future site use scenarios. Therefore, 

the scenario evaluated in this HHRA is highly conservative, and associated pathways are not 

expected to be completed in the future. 

Determination of Exposure Point Concentrations 

Since less than 10 samples were collected for phorate, the maximum detected concentration was 

used as the EPC. The maximum concentrations of benzo(a)pyrene equivalents were used to 

quantify exposure using the 'hot spot' approach. The 95% UCLs of the reported soil 

concentrations were used as the exposure point concentrations for chromium and isodrin at this 

site. 

Frequency of Detection and Spatial Distribution 

Isodrin was the sole COC identified for surface soil. It was detected in two samples (679SB006 

and 679SB007), with a maximum concentration of 1,000 pglkg. The fraction ingested from 
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contaminated source (based on the spatial distribution and frequency of detection for each COPC) 

was considered in the exposure calculations at combined AOC 678/679. Based on the limited 

extent of the reported isodrin impacts, an FI/FC factor of 0. I was conservatively estimated. This 

factor was used to adjust the EPC for isodrin. Further sampling in the vicinity of reportedly 

impacted surface soil locations could serve to reduce further the FIIFC factor, and thus consequent 

exposure estimates. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to its corresponding RBC (i. e., within approximately 10 % of the RBC)I. This 

minimizes the likelihood of potentially significant cumulative risklhazard based on the eliminated 

CPSSs. Concentrations of arsenic exceeded its corresponding FU3C, but did not exceed its 

corresponding background reference concentration. Therefore, it was eliminated from formal 

assessment based on comparisons to background concentrations. Isodrin, the only soil COC , 

would not be expected to be associated with past hazardous waste activities at the site. No toxicity 

values were available for methapyrilene; therefore risk could not be quantified. 

Central tendency (CT) analysis was not formally performed for combined AOC 678/679 surface 

soil, but a simplified approach was taken to assess the potential influences of CT assumptions. 

The comparison of RME as well as CT results is consistent with the risk characterization policy 

implemented by USEPA. The CT assumption for residential exposure duration is 9 years 
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compared to the 30 year assumption for RME. The CT exposure frequency assumption is 

234 dayslyear compared to 350 dayslyear RME. If all other exposure assumptions remain fixed, 

application of the CT exposure duration and frequency would result in risk projections 80% below 

the M E ,  At CT, the residential surface soil pathway related risk (incidental ingestion and dermal 

contact) would fall below the 1E-06 point of departure. 

Current base reuse plans call for conversion of the area to a marine cargo terminal. Both the 

future worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, it is likely that these scenarios would lead to overestimates of risk and/or hazard. 

Groundwater 

The same conservative screening process used for soil was also used for groundwater. 

Concentrations of arsenic and manganese exceeded their corresponding RBCs, but did not exceed 

their corresponding background reference concentrations. Therefore, they were eliminated from 

formal assessment based on comparisons to background reference concentrations. 

Background-Related Risk 

Soil 

Arsenic was detected in combined AOC 6781679 surface soil above its respective RBC. This 

element was not considered in the risk assessment based on comparison to background 

concentrations. It is not unusual for naturally occurring or background concentrations of some 

elements to exceed risk-based concentrations. It is the risk assessment's function to identify excess 

risk or that which is above background levels. The foIlowing is a discussion of the residential 

scenario risklhazard associated with background concentrations of arsenic. 

The maximum surface soil concentration of arsenic (7.4 mglkg) equates with ILCRs of 2E-05 and 

3E-06 for the residential and site worker scenarios, respectively. The maximum reported 
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concentration of arsenic equates with HQs of 0.34 and 0.02 for the residential child and site 

worker, respectively. The background value for arsenic (21.6 mg/kg) equates with ILCRs of 

5.6E-05 and 8E-06, and HQs of 0.99 and 0.05 for the residential and site worker scenarios, 

respectively . 

Groundwater 

Arsenic and manganese were detected in combined AOC 6781679 groundwater above their 

respective tap water RBCs. These elements were not considered in the risk assessment based on 

comparison to background concentrations. The following is a discussion of the residential 

scenario risWhazard associated with background concentrations of arsenic and manganese. 

The background shallow groundwater concentration for arsenic (23 pg/L) which is below the 

MCL, equates with an ILCR of 5E-04 (based on the adult and child lifetime weighted average) and 

2E-04 for the site worker and HQs of 5 and 1.5 for the residential child and site worker, 

respectively. The maximum reported concentration of arsenic (1 1.6 pg/L) equates with an ILCR 

of 3E-04 based on child and an ILCR of 1E-04 for the site worker. The maximum reported 

concentration of arsenic also equates with HQs of 2.5 and 0.8 for the residential child and site 

worker, respectively. The background shallow groundwater concentration of manganese 

(5,430 pg/L) equates with HQs of 6 and 5 for the resident child and site worker, respectively. 

The maximum reported concentration of manganese (664 pg/L) yielded HQs of 0.8 and 0.6 for 

the residential and site worker scenarios, respectively. There were no COPCs identified for 

combined AOC 678/679 shallow groundwater. 

10.4.6.7 Risk Summary 

The risk and hazard posed by contaminants at combined AOC 6781679 were assessed for the 

hypothetical future site worker and the hypothetical future site resident under reasonable maximum 

exposure assumptions. In surface soils, the incidental ingestion and dermal contact pathways were 
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assessed in this HHRA. The groundwater pathway was not assessed since there were no COPCs 

identified. Table 10.4.21 presents the risk summary for each pathwaylreceptor group evaluated 

for combined AOC 6781679. 

Soil - Residential Scenario 

The residential soil pathway COC identified for combined AOC 6781679 is isodrin. 

Figures 10.4.9 and 10.4.10 illustrate point risk and hazard estimates for combined AOC 6781679 

based on surface soil exposure pathways under a future residential scenario. Table 10.4.22 

summarizes the risk and hazard contribution of each COPC at each sample location. This point 

risk map is based on the unlikely assumption that a potential future site resident wilI be chronicalIy 

exposed to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful in that they allow the reader 

to visualize how chemicals driving risk estimates are spatially distributed across the site. 

Only two sample locations yielded ILCRs that were greater than 1E-06 (678SB003 and 

678SBOO8). Benzo(a)pyrene equivalents were the primary contributors to risk at these locations. 

Risk estimates at combined AOC 678 ranged from 6E-07 at 679SB015 to 4E-06 at 678SB003 with 

a mean risk estimate of 4E-07. 

Soil - Future Site Worker Scenario 

No industrial soil pathway COCs were identified for combined AOC 6781679. 

Groundwater - Residential Scenario 

There were no COPCs identified for combined AOC 6781679 groundwater. 
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Table 10.4.22 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 6781679 
Charleston Naval Complex 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index Risk (E-06) 

678 BOO1 BEQs 
678 8001 Chromium (Cr) 

56.10 UGMG N A 0.93 
27.70 MGMG 0.0760 NA 

Total 0.0760 0.93 

678 BOO2 Chromium (Cr) 6.50 MGlKG 0.0178 N A 

678 BOO3 BEQs 
678 6003 Chromium (Cr) 

252.90 UGIKG NA 4.19 
28.00 MGIKG 0.0768 N A 

Total 0.0768 4.19 

678 BOO5 Chromium (Cr) 29.50 MGlKG 0.0809 N A 

678 BOO6 Chromium (Cr) 116.00 MGlKG 0.31 81 N A 

678 8007 Chromium (Cr) 11.90 MGlKG 0.0326 N A 

678 BOOB BEQs 92.36 UGlKG N A 1.53 
678 BOOB Chromium (Cr) 35.80 MGIKG 0.0982 N A 

Total 0.0982 1.53 

678 Bo l l  Chromium (Cr) 70.70 MGlKG 0.0293 N A 

678 8012 Chromium (Cr) 36.60 MGlKG 0.1004 N A 

678 801 3 Chromium (Cr) 41.70 MGlKG 0.1 144 N A 

678 B014 Chromium (Cr) 34.50 MGKG 0.0946 NA 

679 8002 Chromium (Cr) 44.75 MGJKG 0.1227 N A 

679 BOO3 Chromium (Cr) 7.70 MGlKG 0.021 1 N A 

679 8004 Chromium (Cr) 8.50 MGMG 0.0233 N A 

679 8005 Chromium (Cr) 12.10 MGIKG 0.0332 N A 

679 8006 Chromium (Cr) 
679 8006 tsodrin 990.00 UGKG N A NA 

Total 0.0381 NA 

679 8007 Chromium (Cr) 15.20 MGlKG 0.041 7 NA 
679 BOO7 Isodrin 1.000.00 UGIKG N A N A 

Total 0.041 7 N A 

679 BOOB Chromium (Cr) 21.80 MGlKG 0.0598 N A 

679 8009 Chromium (Cr) 8.70 MGlKG 0.0239 N A 

679 BOlO Chromium (Cr) 10.50 MGlKG 0.0288 NA 

679 801 I Chromium (Cr) 
679 B011 Phorate 

32.05 MGlKG 0.0879 N A 
10.00 UGlKG 0.0008 N A 

Total 0.0887 NA 

679 8012 Chromium (Cr) 16.60 MGlKG 0.0455 N A 

679 B015 BEQs 
679 601 5 Chromium (Cr) 

37.13 UGlKG N A 0.61 
18.10 MGlKG 0.0496 NA 

Total 0.0496 0.61 
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10.4.6.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 

Table 10.4.23 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 

child resident, as noted in the corresponding table. No site worker RGOs were calculated as no 

surface soil COCs were identified for this receptor group. 

10 -4.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 678\679, COCs 

requiring further evaluation through the CMS process have been identified for surface soil. No 

COCs were identified for site groundwater. The site is currently in a moderately developed urban 

setting and risk to human health was evaluated under both the future residential ancl future 

industrial (site worker) scenarios. For these scenarios, the incidental ingestion and dermal contact 

exposure pathways were evaluated. Hazard was evaluated for noncarcinogenic contaminants 

through incidental ingestion and dermal contact scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1 .O, ancl whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

Isodrin was identified as the only soil pathway COC for AOC 678/679. Table 10.4.24 presents 

cumulative and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for surface soil are presented in Table 10.4.23. Potential corrective 

measures for soil are presented in Table 10.4.25. 
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Table 10.4.24 
AOC 6781679 

Cumulative and Chemical-Specific Exposure Risks nnd H-d 

Risk Hazard 

C h d c a l  lndustrinl Residential Industrial Residential 

Soil 

Cumulative 3.6E-7 2.3E-6 O.Mn6 0.0324 

Note: 
ND = Not detected 

Table 10.4.25 
AOC 6781679 

Potential Corrective Measures 

Medium Compounds Potential Corrective Measures 

Soil lsodrin a) No action 
b) Excartate, offsite disposal. and monitoring 
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10.5 AOC 680, Building NS-26 UST and Grinding RoomLBrake Repair Area 

AOC 680 includes Building NS-26 and associated former grinding roodbrake repair area. 

Building NS-26 was part of the Navy's Shore Intermediate Activity (SIMA) complex. The 

building was constructed in 1958 and renovated in 1985. Structures associated with NS-26 include 

several storage sheds and steel storage trailers. 

Three dip tanks were located in the west end of the facility and were used to clean ship parts. The 

contents of the tanks were tri-sodium phosphate, citric acid, and water. The tanks reportedly were 

cleaned bi-annually by CNC personnel. 

An initial assessment study in 1981 noted that the following hazardous wastes were generated at 

this facility: boiler cleaning solution (sulfuric acid and nitric acid); cleaning solvents (chlorinated 

hydrocarbons); and boiler test chemicals (mercuric nitrate). From 1958 through 1981, disposal 

practices reportedly included discharging neutralized boiler solutions, solvents, and mercuric 

nitrate solutions directly into the Cooper River. 

Historic information indicates that the area was used as a seaplane refueling ramp and as an oil 

storage area in the 1940s. 

In December 1996, a 200 gallon waste oil UST located on the north side of NS-26 was closed by 

removal. The UST assessment report noted that the tank and associated piping was severly 

corroded and pitted but no holes were found. The assessment report also notes that the oil-water 

separator associated with this UST and referenced on early building plans could not be located at 

the time of UST removal. It is assumed that the oil-water separator has not been used since the 

building renovations in 1985. The waste oil tank apparently continued to be used after 1985 by 

pouring used oil down the pump-out piping. 
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Materials of concern include VOCs and SVOCs. Potential receptors, include future site workers 

who may be involved in invasive activity that might bring them in direct contact with subsurface 

contaminants. The ecology of the Cooper River is also a potential receptor. 

AOC 680 initially only included the former grinding room in Building NS-26, which was 

reportedly used to repair brake components containing asbestos. Building plans from 1969 show 

the grinding room on the southern side of Building NS-26. Reportedly, brake repair ceased in 

1970. The area once occupied by the grinding room was remodeled in 1985 and is now a short 

hallway to the southern entrance to the building. 

Materials of concern include asbestos dust from brake repair. Air is the potential pathway of 

concern. Potential receptors include personnel involved with any aggressive activity thdt could 

disturb surfaces covered with asbestos. 

To fulfill the CSI objectives and to c o d m  the presence of any contamination from onsite 

activities, soil and groundwater were sampled in accordance with the final RFI work plan and 

Section 3 of this report. Microvacuum samples were collected in the former grinding room to 

confirm the presence, if any, of asbestos fibers. 

10.5.1 SoiI Sampling and Analysis 

Soil was sampled in two rounds at AOC 680 from the locations shown on Figure 10.5.1. The 

Final RFI work plan proposed collecting one geoprobe soil sample, and four soil samples from 

the upper- interval and four from the lower- interval. Four proposed upper- interval samples and 

three of the four proposed lower- interval soil samples were collected. One lower-interval sample 

was not collected because the water table was encountered at less than 5 bgs. All samples were 

submitted for analysis at DQO Level III for VOCs, SVOCs, and metals. Two samples selected 

as duplicates were analyzed at DQO Level IV for Appendix IX analytical parameters., which 
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includes a more comprehensive list of VOCs and SVOCs. All samples from round two were 

submitted for the standard suite of parameters which include VOCs, SVOCs, pesticides, PCBs, 

cyanide, and metals. Table 10.5.1 summarizes the soil sampling. 

Table 10,S.l 
AOC 680 

Soil Sampling Summary 

hplins 

1 03/17/98 CeoprOa - I l l )  VOCS, SVCQ 
Q4/08198 Upper - 4 (4) VOCs, S V X S  

Lower - 3 (4) VOCr, SVOCs 
Duplmtts - 2 Vocs, SYOCs 

Upper - 1 
Lower - I 

Standard Suite Additional boring installed as 
result of waste oil UST 

Notes: 
( )  = Parenthesis indicate numbers of samples proposed 
Standard Suite = VOCs, SVOCs. metals, cyanide, pesticides, and PCBs at DQO Level IV. 

10.5.2 Nature and Extent of Contamination in Soil 

Organic compound analytical data for soil are summarized in Table 10.5.2. Inorganic analytical 

data for soil are summarized in Table 10.5.3. Table 10.5.4 summarizes all analytes detected in 

soil at AOC 680. Appendix D is a complete analytical data report for all samples collected in 

Zone I. 

Volatile Organic Compounds in Soil 

Nine VOCs were detected in AOC 680 surface soil samples. The RBC was not exceeded in any 

surface soil sample. Five VOCs were detected in subsurface samples. 1,2-Dichloroethene (total), 

in the subsurface soil exceeded its SSL of 200pglkg with a result of 240pglkg in sample 

680SB00502. 
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Table 10.5.2 
AOC 680 

Orgauic Compound Analyticnl Results for Soil (uglkg) 

Number of 
Sample Detection Detection RBC (upper) Samples Exceeding 

Parameters Interval Frequency Range Mean SSL Oower) RBC or SSL 

Volatile 0- Campwnds t~pflrg) 

Acetone 

Ethylbenzene 

U W ~  116 77 77 7.800.00 0 
Lower 014 N A 77 8.000 0 

upper Of6 N A N A 22.000 
tower 3 /4 0.99 - 3 f .66 12 

Upper 216 O.% - 2.2 1.58 780,000 0 
Lower 314 1.1 - 8.4 4.3 6.500 0 

Toluene Upper 116 1.5 1.6 1 , 6 0 0 , ~  0 
Lower 314 2.2 - 10 5.2 6.000 0 

Xylene (total) Upper 416 1.5 - 10 4.1 16,000,000 0 
Lower 314 4.5 - 33 17.17 70.000 0 

Tetrachlorocthcne Upger 116 420 420 12,ODO 0 
Lower Of4 ND ND 30 0 

Upper 116 140 
Lower 014 ND 

Upper 116 6.0 
Lower 014 ND 

Upper 116 41.0 41.0 7.000 0 
Lower 114 240 240 200 1 

&Methyl-2-Pentanonc UPFr 116 3.0 3.0 630,0[]0 0 
tower Of4 ND M, 6.700 0 

Semivolatile Ormanic Compounds 

Benzo(a)py rene 

Upper 216 1.63 - 260 131 
Lower 1f4 4.55 4.55 

Upper 116 210 210 87 1 
Lower 014 N A NA 4,000 0 

Bcnzo(a)anthracene Upper 216 16 - 270 143 870 O 
Lower 114 19.0 f9.0 800 0 

Benzo(b)fluoranthene Upper 116 210 210 870 0 
Lower 114 24.0 24.0 2.500 0 

Upper 216 25.0 - 270 147 87,000 0 
Lower I14 31.0 31.0 80,000 0 

Butylbcnzylphmalate Upper If6 430 430 1,600.000 0 
Lower 1f4 1.200 1,200 930.000 0 

Phenanthrene Upper 116 28 28 230.000 0 
Lower 014 NA NA 660,m 0 
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Table 10.5.2 
AOC 680 

Organic Compound Analytical Results for Soi @%kg) 

Number of 
Sample Detection Detection RBC (upper) Samples Exceeding 

Freguen CY Parameters Interval Ranee Mean SSL (lower) RBC or SSL 

F l u o e n e  Upper 116 500 340 310,000 0 
b w e r  014 N A HA 2,fa,000 0 

Pyrene Upper 216 16.0 - 440 228 230,000 0 
Lower 014 N A N A 2,100,000 0 

bis(Z-Ethyhxyl)phtk&& wr 216 22.0 - 310 166 4-m 0 
Lower bEHF) 014 NA N A 1,ml.WQ 0 

Notes: 
NA = Not Applicable 
ND = Not detected 
NL = Not listed 
See Table 5.5 for organic compound screening concentrations and their sources. 

Table 10.5.3 
AOC 680 

~norganic Compound Analytical Results for Soid (mgfkg) 

Number of Samples 
Exceeding RBC and 
Backgrouud (upper) 

Sample Detbction Detection Background RBC (upper) or SSL and 
Parameters Interval Frequency Mean Concentration SSL (lower) Backgm~md (lower) 

Aluminum (Al) Upper 111 8,680 8,680 27,400 7,8o(J 0 
Lower 111 9,050 9,050 1 8 , m  560,000 0 

Arsenic [As) UPl=r 111 3.6 3.6 21.6 0.43 0 
Lower 111 4.9 4.9 6.45 15 0 

Barium (Ba) U P F ~  111 19.2 19.2 54.2 55 0 
Lower 111 14.2 14.2 36 820 0 

Cadmium (Cd) Upper 111 0.45 0.45 0.61 7.8 0 
Lower 111 0.67 0.67 0.54 4 0 

Chromium (C4 Upper 111 24.5 24.5 34.5 39 0 
Lower 111 21.8 21.8 51.3 19 0 

Cobalt (Co) Upper 111 1.5 1.5 5.8 470 0 
Lower 111 2.5 2.5 3.48 490 0 

Copper (Cu) Upper 111 5.9 5.9 240 310 0 
Lower 111 3.2 3.2 11.5 5.600 0 
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Table 10.5.3 
AOC 680 

lnorpnnic Compound halytical Resub for Son (mgkg) 

Number of Samples 
Exceeding RBC and 
Background (upper) 

Sample Detection Detection Bockground R3C (upper) or SSL and 
Parameters Interval Frequency Mean Concentretion SSL flower) Backgmuud (lower) 

Lead (Pb) U W ~  111 10.7 10.7 203 400 0 
Lower 111 5.8 5.8 12.3 400 0 

Mangame (Mn) Upper 111 46.7 46.7 419 150 0 
Lower 111 108 108 118 680 0 

Mercury (Hg) Upptr 111 0.05 0.05 0.47 2.3 0 
Lower 111 0.14 0.14 ND 1 0 

Nickel (Ni) Upper l f  I 8.5 8.5 23.9 160 0 
Lower 1/ 1 5.8 5.8 15.7 65 0 

Selenium (Se) Upper 111 0.29 0.29 1.49 39 0 
Lower 01 1 ND ND 1.77 2.6 0 

Vanadium (V) U P P ~  111 19.0 19.0 113 55 0 
h w c r  111 24.4 24.4 38.1 3,000 0 

Zinc (Zn) Upper 111 35.4 35.4 206 2,300 0 
tower 111 23.3 23.3 36.2 6,200 0 

Notes: 
NA = Not Applicable 
ND = Not detected 
NL = Not listed 
See Table 5.6 for organic compound screening concentrations and their sources. 
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Semivolatile Organic Compounds in Soil 

Ten SVOCs were detected in surface soil samples collected at AOC 680. Of these compounds, 

only benzo(a)pyrene was detected at a concentration of 210 pglkg (sample 680SB00301) that 

exceeded its RBC (87 yglkg). The upper interval sample collected at 680SB003 was the only 

sample that contained benzo(a)pyrene. Five SVOCs were detected in subsurface soil samples. 

All subsurface soil SVOC detections were below their respective SSLs. 

In accordance with recent cPAH guidance (USEPA Interim Supplemental Guidance to RAGS: 

Region IV Bulletins, Human Health Risk Assessment, Bulletin No. 2 flSEPA 1995~1) and 

Section 7 of this report, BEQs were calculated for cPAHs at AOC 680. The calculated BEQ for 

soil sample 680SB00301 is 260.4 pglkg, which exceeds the RBC of 87 pglkg. No other 

calculated BEQs exceeded the RBC or SSL. 

Inorganic Compounds in Soil 

Fifteen metals were detected in the surface soil sample 680SB00501. No detected concentrations 

exceed the RBC and background (upper). Fourteen metals were detected in subsurface soil sample 

from 680SB00502. No detections exceeded the SSL and background, Metals were not analyzed 

in any other soil sample. 

10.5.3 Groundwater Sampling and Analysis 

To characterize the zone groundwater, three shallow monitoring wells were installed and sampled 

in accordance with an approved final RFI work plan. Three rounds of groundwater sampling were 

completed at AOC 680. During the first and third rounds of sampling, AOC 680 was smpied for 

VOCs and SVOCs at DQO Level III. Samples from round two were also sampled for metals. 

Table 10.5.5 summarizes the groundwater sampling at AOC 680. 
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Table 10.5.5 
AOC 680 

Groundnattr Somplhg h m r n q  

Wpling Wpling 
R d  Dnte Number of Wells Comments 

1 Mfl'N98 -TO&* VOC5, SVWs One dmtlaw and one 
03ff8198 deep sample C O I I C E ~ B ~ .  
04ft5l98 3 VOCs. WOCs 

2 0812 1 I98 3 VOCs. SVOCs, metals 

Notes: 
a = One shallow and one deep geoprobe sample was collected near the boundary of AOC 680 and AOC 679. 

Figure 10.5.1 illustrates monitoring we11 locations. The shallow monitoring wells were installed 

at 12.5 feet bgs in the upper sand layer of the Wando Formation. One deep monitoring point 

(680GP005) was sampled only during the first round. All wells were installed in accordance with 

Section 3.3 of this report. 

10.5.4 Nature and Extent of Contamination in Groundwater 

Table 10.5.6 summarizes the organic analytical results for groundwater at AOC 680. Inorganic 

analytical data for shallow groundwater are summarized in Table 10.5.7. Tables 10.5.8 and 

10.5.9 summarize a11 anaiytes detected in the shallow and deep groundwater respectively at 

AOC 680. Appendix D is a complete analytical report for all samples collected in Zone I. 

Volatile Organic Compounds in Groundwater 

Eight VOCs were detected in shallow groundwater at AOC 680. Sample 680GP00501 contained 

acetone (6800 ,ug/L) and 2-butanone (MEK) (310 ,ug/L), which exceeded their tap-water RBCs. 

Tetrachloroethene (PCE) exceeded is tap-water RBC in rounds one (1.4 pg/L in 680GW00201) 

and two (2.0 pg/L in 680GW00202). Sample 680GW002 contained Trichloroethene (TCE) 
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(3 pglL), which exceeded its tap-water RBC of 1.6 pg/L. No other shallow groundwater VOCs i 

exceeded their respective RBC . 2 

Two VOCs, benzene and carbon disulfide, were detected in deep groundwater sample 6 8 0 5 .  3 

Benzene (0.62 pg/L) exceeded its tap-water RBC of 0.36 pglL. 4 

Semivolatile Organic Compounds in Groundwater s 

Two SVOCs, 1,2-dichlorobenzene and bis(2-ethylhexy1)phthalate (BEHP), were detected in 6 

shallow groundwater at AOC 680. Sample 680GP00501 contained BEHP (38 pg/L), which 7 

exceeded its tap-water Rf3C of 4.8 ,ug/L. 8 

One SVOC, naphthalene, was detected in deep groundwater sample 6 8 0 0 5 0 2 .  It did not 9 

exceed its RBC. 10 

Inorganic Compounds in Groundwater 11 

Three metals (arsenic, chromium, and manganese) were detected in shallow groundwater during 12 

the second sampling round. Arsenic exceeded its RBC and shallow background in sample 13 

680GW00102 at 5 1.8 pg/L. No other detections exceeded the RBC or MCL and background. 14 

Table 10.5.6 
AOC 680 

Orgnoic Analytical Results for Shallow Groundwater bgL) 

Sample Detection Detection Tap Water Number of Saatplcs 
Pnrameter 

Volatile Organic Compounds 

Acetone First 114 6800 4EOO 370lNA 1 
Second 013 ND ND 0 
Third 0/ 1 ND ND 0 

2-Butanone (MEK) First 114 3 I 0  3 10 190INA 1 
sccord on ND ND o 
Ttrird 011 ND ND 0 

Carbon Disulfide First 214 0.26 - 0.61 0.435 100fNL 0 
Second 0/3 ND ND 0 
Third 011 ND ND 0 
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Table 10.5.6 
AOC 680 

Organic Analytical RcJults for ShPllow Groundwater @gL) 

Somple Detection Detection Tap Water Number of Samples 
Parameter Romd F rcq ue ncy Mean RBClMCL ExceedhgRBC or MCL 

Worobenzelu First 1 14 1.7 1.7 3 . 5 ~ 4 ~  0 
S~cond Of3 ND NI) 0 
mrd Olf  ND ND 0 

1,l-Dichloroethane First 114 0.89 0.89 80/NL 
Second 113 1 .O 1.0 
Third O/ 1 ND ND 

1.2-DichJoroethene (total) First 214 0.63 - 1.3 0.M 5 JtliL 0 
S W ~ K ~  313 f .O - 3.0 1,67 0 
Tbird Wf ND ND 0 

Tetrachloroethene First 214 0.64 - 1.4 I .M 1.115 
Second 113 2.0 2.0 
Third 01 I ND ND 

Tnchlorocthcnc First I14 0.85 0.85 1.615 0 
SBCoIld f13 3.0 3.0 1 
Third 011 ND ND 0 

*vallBtih 0- Cam-& (&I,) 

Bis(2-e@Lhexyl]phthalate First 114 38.0 38.0 4.8tNL 1 
(BEHP) Sccond 013 ND ND 0 

Third 01 f ND ND 0 

1 -2-Dichlorobenzene First 014 ND ND 6.416W 
Second 113 1 .O 1 .O 

Notes: 
NL = Not Listed 
NA = Not Appticable 
ND = Not Detected 
See Table 5.5 for organic screening concenmtions and their sources. 

Table 10.5.7 
AOC 630 

Inorganic Analytical Results for Groundwnter (ug/L) 

W o w  Number of S n m ~ h  
Sample Detection Detection Tap Water Groundwater Exceeding Loner i f  RBC 

Parsmeter Round Frequency Range Mean RIBC/MCL Backgroulld or MCL aud Backround 

Arsenic {As) Wd* 213 3.1-51.8 27.5 0.045150 23 1 

Chromium (Cr) Second 113 8.2 8.2 181100 14.3 0 

Notes: 
- Only sampled for metals in the second round of sampllng 

NL = Not Listed 
NA = Not Applicable 
ND = Not Deected 
See Table 5.6 for inorganic screening concenmdons and the~r sources. 
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10.5.5 Microvacuum Sampling and Analysis 1 

Microvacuum sampling was performed at AOC 680 from horizontal surfaces in the hallway and 2 

in the ship fitters shop area in Building NS-26. The FinaI RFI work pian proposed collecting nine 3 

to 12 dust samples for asbestos analysis. Microvacuum samples were collected as stated in the 4 

site-specific sampling and analysis plan in the Zone I work plan. Nine samples were collected. s 

Samples were submitted for bulk asbestos analysis by phase-contrast light microscopy. 6 

Table 10.5.10 summarizes the sampling at AOC 680. 7 

Table 10.5.10 
AOC 680 

D u s t S ; ~ p b g S ~  

Samples Roposed Samples Collected Analyses Propased AnaIyses Collected Deviation 

9 t o  12 9 Asbestos ND 

Note: 
ND = No Deviation 

10.5.6 Nature and Extent of Contamination in Dust 

No asbestos fibers were detected in the samples. Appendix D contains a complete analytical report 

for all samples collected at AOC 680. 

10.5.7 Fate and Transport 

AOC 680 includes Building NS-26 and associated former grinding roomlbrake repair area. 

Building NS-26 was part of the Navy's Shore Intermediate Activity (SIMA) complex.. The 

building was constructed in 1958 and renovated in 1985. Structures associated with NS-26 include 

several storage sheds and steel storage trailers. Environmental media sampled as part of the as 

AOC 680 investigation include surface soil, subsurface soil, and shallow groundwater. Potential 

constituent migration pathways investigated include soil to groundwater, groundwater migration, 

and emission of volatiles from surface soil to air. Additionally, an effort to preliminarily i~ddress 

the issue of discharge to surface water receptors was made. This assessment is intended to serve 
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as a qualitative analysis using the analytical data for these media coupled with the current 

understanding of hydrogeological conditions at the site. 

10.5.7.1 Soil to Groundwater Cross-Media Transport 

Tables 10.5.1 1 and 10.5.12 compare maximum detected organic and inorganic constituent 

concentrations in surface soil and subsurface soil samples respectively to risk-based soil screening 

levels considered protective of groundwater. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, 

with no attenuation of constituents in soil (DAF= 10). 

Three organic compounds - 1,2-Dichforoethene tetrachloroethene (1,2 DCE), trichloroethene 

(PCE), and TCE - were present in soil above their respective screening values. 1,2 DCE was 

present at greater concentration in the subsurface, suggesting that Zone I may be a relict of TCE 

degradation. Both PCE and TCE were non-detect in subsurface soil, but both were present in 

groundwater, suggesting that calculated leachability values may be too high. The distribution of 

chlorinated solvents was spatially limited, occurring in only 1 of 6 sample locations. The presence 

of chlorinated solvents is consistent with past site activities, namely metal grinding and brake 

cleaning and repair. The presence of these parameters in groundwater validates the pathway with 

respect to them. Figures 10.5.2, 10.5.3, and 10.5.4 present 1,2 DCE, PCE, and TCE 

concentrations detected at AOC 680 respectively. 

One inorganic - chromium - was present in soil above its screening value. It was present in both 

surface and subsurface soiI at one location, as well as in groundwater. Figure 10.5.5 presents the 

chromium concentrations detected at AOC 680. Notably, it was at concentrations in soil below 

the zone-wide background concentrations. Furthermore, the presence of chromium is not expected 

to be associated with the past site activities. However, the presence of CR in soil and groundwater 

validates the pathway with respect to this parameter. 
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10.5.7.2 Groundwater Migration to Surface Water Cross-Media Transport 

Tables 10.5.1 1 and 10.5.12 compare maximum detected organic and inorganic constituent 

concentrations respectively, in shallow groundwater samples to risk-based concentrations for 

drinking water, and to chronic ambient saltwater quality criteria values for the protection of 

aquatic life (saltwater surface water chronic screening values). For inorganics, maximum 

concentrations in groundwater are screened against the greater of (a) risk-based drinking water 

concentrations or (b) corresponding background reference concentrations for groundwater, as well 

as to the saltwater surface water chronic values. To provide a conservative screening, no 

attenuation or dilution of constituents in groundwater is assumed before comparison to the relevant 

standards. It should be noted at the beginning of this discussion that the risk-based pathway for 

shallow groundwater is currently an invalid pathway simply because there is no human 

consumption of the groundwater, e.g. there is no end-use receptor. This comparison is made for 

screening only, and to develop strategies for log-term management of the groundwater should an 

area containing deleterious levels be identified. 

Three organic compounds - PCE, TCE, and bis(2-ethylhexy1)phthalate (BEHP) - were present 

in groundwater' at concentrations that exceeded their respective screening values. All three 

exhibited only slight exceedances, and all three were detected only in the first quarter of sampling 

and were non-detect in the third quarter sampling. The inconsistent detection of these parameters 

coupled with their presence in surface soil and absence in subsurface soil, suggests that their 

presence in groundwater may be a result of drilling carrydown. Again, the presence of solvents 

is not inconsistent with past site activities, but BEHP's presence is suspect (it is a comnon lab 

artifact). Given their absence in the most recent sampling effort, the pathway is considered invalid 

with respect to these parameters. Detected concentrations of PCE and TCE are presented in 

Figures 10.5.3 and 10.5.4. Figure 10.5.6 presents concentrations of BEHP detected at ACE 680. 
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One inorganic - arsenic - was present in groundwater significantly above its RBC. Arsenic is not 

expected to be associated with past site activities, but it is a common constituent in zone-wide 

groundwater. This would suggest that leaching from native soil and aquifer matrix may be the 

mechanism releasing arsenic to groundwater, as opposed to an actual waste release. The presence 

of arsenic in groundwater at concentrations approximately twice the background validates the 

pathway, but it is not expected to be significant due to non-use of the resource. Figure 10.5.7 

presents concentrations of arsenic detected at AOC 680. 

One inorganic constituent - arsenic - was present in groundwater above its screening value for 

surface water migration. It was detected at approximately twice its background for shallow 

groundwater, but was not above its SSL in surface or subsurface soil, Additionally, arsenic is not 

expected to be associated with past site activities, and arsenic is a common constituent in 

zone-wide soil and groundwater samples. These lines of evidence suggest that either the calculated 

SSL for arsenic is too high given site conditions, or that arsenic is being imparted through leaching 

from deeper vadose zone lithologies and/or aquifer matrix. The proximity of the Cooper River 

and the groundwater flow direction indicate that the River is a potential receptor of groundwater 

discharge, but attenuation along the flowpath and dilution upon discharge to the River will likely 

reduce concentrations of arsenic to insignificant levels. 

10.5.7.3 Soil to Air Cross-Media Transport 

No surface soil parameters were present above their respective screening values for the soil to air 

pathway, thus the pathway is considered invalid for this AOC. 

10.5.7.4 Fate and Transport Summary 

1,2 DCE, PCE, TCE, and chromium were present in soil above their respective SSL. PCE and 

TCE were ND in subsurface soil but were present in groundwater; 1,2 DCE exhibited an increase 

in subsurface soil (possibly as a degradation product of TCE); and chromium, although above its 
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SSL, was below background in both surface and subsurface soil. The presence of solvenits is not 

inconsistent with past site activities. The occurrence of these constituents in both soil and 

groundwater validates the pathway. 

PCE, TCE, BEHP, and arsenic were present in site groundwater at concentrations above their 

respective RBCs. The organics were present in surface soil media, absent in subsurface sc~il, and 

were all non-detect during the most recent groundwater sampling. This would suggest their 

occurrence in groundwater is due to drilling carrydown, and the pathway with respect to organics 

is considered invalid due to both their absence in groundwater and non-use of the resource . The 

highest concentration of arsenic was approximately twice its shallow background; arsenic is not 

expected to be associated with past site activities, but it is a common constituent in zone soil and 

groundwater. This would suggest that arsenic is being imparted to groundwater through leaching 

of deeper vadose zone soil or aquifer matrix. The presence of arsenic above RBCs validates the 

pathway, but it is not considered significant due to non-use of the resource. 

Arsenic exceeded its surface water screening criteria in shallow groundwater. As previously 

noted, the source of arsenic is presumed to be deeper vadose zone media or aquifer matrix. The 

Cooper River is a potential receptor based on groundwater flow and proximity. Therefiore the 

pathway is considered valid, but given the arsenic concentrations and the potential for atte~nuation 

along the flowpath and dilution upon discharge, it is not expected to be significant. 

Given the absence of surface soil exceedances for inhalation screening values, the soill to air 

pathway is considered invalid. 
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10.5.8 Human Health Risk Assessment 

10.5.8.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 680 was the assessment of soil and groundwater 

potentially affected by past activities onsite. 

AOC 680 includes Building NS-26 and associated former grinding roomibrake repair area. 

Building NS-26 was part of the Navy's Shore Intermediate Activity (SIMA) complex. The 

building was constructed in 1958 and renovated in 1985. Structures associated with NS-26 include 

several storage sheds and steel storage trailers. In December 1996, a 200-gallon UST which 

contained waste oil was removed. 

Three dip tanks were located in the west end of the facility and were used to clean ship parts. The 

contents of the tanks were tri-sodium phosphate, citric acid, and water. The tanks were cleaned 

bi-annually by CNC personnel. 

An initial assessment study in 1981 noted that the following hazardous wastes were generated at 

this facility: boiler cleaning solution (sulfuric acid and nitric acid); cleaning solvents (chlorinated 

hydrocarbons); and boiler test chemicals (mercuric nitrate). From 195 8 through 198 1, disposal 

practices reportedly included discharging neutralized boiler solutions, solvents, and mercuric 

nitrate solutions directly into the Cooper River. 

Historic information indicates that the area was used as a seaplane refueling ramp and as an oil 

storage area in the 1940s. 

AOC 680 also includes the former grinding room in Building NS-26, reportedly used to repair 

brake components containing asbestos. Building plans from 1969 show the grinding room on the 

southern side of Building NS-26. Reportedly, brake repair ceased in 1970. The area once 
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occupied by the grinding room was remodeled in 1985 and is now a short hallway to the southern 

entrance to the building. 

Soil was sampled in two rounds at AOC 680 fiom the locations shown on Figure 10.5.1. The 

Final RFI work plan proposed collecting one geoprobe soil sample, and four soil samples from 

the upper- interval and four from the lower- interval. Four proposed upper- interval samples and 

three of the four proposed lower- interval soil samples were collected. One lower-interval sample 

was not collected because the water table was encountered at less than 5 bgs. All samples were 

submitted for analysis at DQO Level IIl for VOCs, SVOCs, and metals. Two samples selected 

as duplicates were analyzed at DQO Level IV for Appendix IX analytical parameters., which 

includes a more comprehensive list of VOCs and SVOCs. All samples from round two were 

submitted for the standard suite of parameters which include VOCs, SVOCs, pesticides, PCBs, 

cyanide, and metals, 

To characterize the zone groundwater, three shallow monitoring wells were installed and sampled 

in accordance with an approved final RFI work plan. Three rounds of groundwater sampling were 

completed at AOC 680. During the first and third rounds of sampling, AOC 680 was sampled for 

VOCs and SVOCs at DQO Level HI. Samples from round two were also sampled for metals. 

10.5.8.2 COPC Identification 

Surface Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.5.13, the focus of this HHRA is on benzo(a)pyrene equivalents. Aluminum, arsenic and 

chromium were detected at maximum concentrations exceeding their RBCs but not exceeding their 

respective background concentrations. Therefore, these inorganics were eliminated from further 

consideration in the AOC 680 HHRA. The results of Wilcoxon rank sum test analyses clid not 



fable 10.5.13 
Chemicals Present in Site Sample 
AOC 680 - Surface Soil 
Charleston Naval Compkx 
Charleston, South Carolina 

Benzo(k)fluoranthene 

Semivolatile Organics 

Notes: 
' - Indicates chemical was identified as a COPC 
N - Indicates chemical is an essential nutrient 
SQL - Sample quanititation limit 
RBC - Risk based concentration 
pgkg - micrograms per kilogram 
mglkg - mill~gtams per kilogram 
NA - Not applicable or not available 
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result in the inclusion of any inorganic parameters which screened out on the basis of background 

concentration comparisons. 

Groundwater 

As shown in Table 10.5.14, the following chemicals were identified as COPCs in shallow 

groundwater at SWMU 12: acetone, arsenic, benzene, 2-butanone, bis(2ethylhexyl)phthaiate, 

tetrachloroethene, and trichloroethene. Acetone, benzene, 2-butanone, and 

bis(2-ethylhexy1)phthalate were only reported in a single sample each (680GP00501 reported 

detectable concentrations of acetone, 2-butanone, and bis(2-ethylhexy1)phthalate and 680GPOO502 

reported a detection of benzene). Geoprobe location 680GP005 was positioned to investigate 

potential releases from an oil-water separator. Monitoring well 680004 was also installed in the 

vicinity of the oil-water separator and associated waste oil UST. These were not detected in levels 

of organic in the sample collected from well 680004. The data from the geoprobe samples were 

not used in the quantitative risk assessment since none of these COPCs (acetone, benzene, 

2-butanone, and bis(2-ethylhexy1)phthalate) were reported in samples collected from monitoring 

well 680004. 

10.5.8.3 Exposure Assessment 

Exposure Setting 

AOC 680 is the former grinding room in Building NS-26 located in the northeast corner of Zone I 

along the Cooper River. Current exposures to soil and groundwater at this site are limited due to 

pavement covering of the soil and the readily available municipal water supply which alleviates 

the need to use groundwater as a source of potable or process water. 



Table 10.5.14 
Chemicals Present in Site Sample 
AOC 680 - Groundwater 
Charleston Naval Complex 
Charleston, South Carolina 

Semivolatile Organics 

Volatile Organics 

Notes: 
- Indicates chemical was identified as a COPC 

N - Indicates chemical is an essential nutrient 
SQL - Sample quantitation limit 
RBC - Risk based concentration 
yglL - micrograms per liter 
NA - Not available or not applicable 
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Potentially Exposed Populations 

Potentially exposed populations are current and future site workers and hypothetical future site 

residents. Future site resident and worker exposure scenarios were addressed quantitatively in this 

risk assessment. Current exposure to workers is discussed quantitatively in relation to the: future 

workers and future residents. The hypothetical future site worker scenario assumed continuous 

exposure to surface soil conditions and the use of groundwater as a potable water source. Current 

site workers' exposure would be less than that assumed for the hypothetical future site worker 

scenario because of their limited soil contact and the fact that groundwater is not currentny used 

onsite. Therefore, future worker assessment is considered to be conservatively representative of 

current site workers. The future site resident scenario was built on the premise that existing 

features would be removed and replaced with dwellings. Groundwater exposure pathways would 

not be completed if the municipal water supply is kept in place. As a highly conservative estimate 

of potential risk due to groundwater pathways, a residential scenario and a site worker scenario 

were considered for AOC 680 groundwater. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of COPCs in 

surface soils, and ingestion and inhalation of contaminants reported in groundwater through 

domestic and process uses. The exposure pathways for future site residents are the same as those 

for the future site worker. In addition, the hypothetical future site worker scenario assumed 

continuous exposure to surface soil and groundwater conditions. Uniform exposure was assumed 

for a11 sample locations. Table 10.5.15 presents the justification for exposure pathways assessed 

in this HHRA. 
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Table 10.5.15 
AOC 680 

Exposure Pathways Summary 

Potmtinlly Exposed M d u m  and Expodure Pathway Selertcd for Recrson for 
Population Pathwa Y Evaluation? Selection or Wraion 

Cmen( Land Uses 

Carrcnt Uscn (Site Air, W a h n  of grreons Eto Eatcandtr~rropatrcc~~didnotidentifyany 
Workers) co ernanaring from soiI CUR3 fw h i s  Indhc l  czposum ptbruay. 

Air. lnhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant wmparsd to the otber pathways. 

M i o w  pmdwater, fngestion of No S h a l l o w ~ m t c r k m c u F m n t l y u s e d a s a  
c o m m  during potable w source of ptaWe or tat-msidemial water at 
g e x d  USE AOC 680. 

Shallow groundwater. Inhalation No Shallow groundwater is not currently used as a 
of volatilized shallow groundwater source of potable or mn-residential water at 
contaminants AOC 680. 

Soil, kidentat ingestion No {Qualified) Fnture site use is considered conservatively 
representative of m n t  site use. 

Soil, Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site w. 

Future Land Uses 

Future Site Air, W a t i o n  of gaseous No Fate and Wansport scimnbg did rm idcntify any 
Residents (Child and wntaminaMs emaaating from soil COPG fof &is indirect cxpowrrc psd~way. 
Adult), Future Site 
Worker 

Air, Inhalation of chemicals 
enmined in fugitive dust 

Sbalfow pwdwater, ingwtian of 
contamham during potable or 
general use 

Future Site Shallow groundwater, W a t i o n  
Residents (Child and of volatilized contaminants during 
Adult), Future Site domestic use 
Worker (Continued) 

Soil, incidental ingestion 

Soil. Dermal contact 

Wild game or domcstic animals, 
Ingestion of tissue impacted by 
media contamination 

Fruits and vegetables, Ingestion of 
plant tissues grown in media 

No This exposure pathway was considered 
insignificant wmparcd to the other pathways. 

Yes Shallow gmmtwter is m t l ' i y  M bc used as a 
source of ptable a r  proceta wrhr at AOC 680. 
This pathway was addreswd as a conservltin 
measure. 

Yes Shallow groundwater is not likely to be used as a 
source of potable or profess water at AOC 480. 
This pathway was addressed as a conservative 
measure. 

Yes COPCs were identified gubscqucnt to riuk-based 
and backgruund screening cumpisom. 

Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

No Huntinghkmg of game d o r  raising Iwcsmk is 
prohibited within tBe Cbadeaton, Swth Cuotkt 
city limits. 

No The potential far significant exposure via this 
pathway is low relative to that of otber exposure 
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Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least ten samples. Since only six surface soil samples were collected for AOC 680, the maximum 

reported concentration of benzo(a)pyrene equivalents was used as its EPC. 

Table 10.5.16 summarizes the determination of the groundwater EPC. Four monitoring wells 

were installed at AOC 680. Current EPA guidance favors the arithmetic mean in the most 

concentrated area of the plume as the EPC for groundwater COPCs. Groundwater COPCs cannot 

be associated with a single distinct plume at AOC 680. Instead each of the COPCs were assigned 

to their own "plumen. In each case, a separate plume is defined by the monitoring welt which 

produced the highest concentration for a given COPC. For example, the maximum 

tetrachloroethene detection (0.002 mg/L) was from monitoring well 680002 sampled during the 

second round. The first round sample from this monitoring well reported tetrachloroethene at a 

concentration of 0.0014 mg/L. The data from the two rounds yield an average of 0.0017' mg/L. 

As explained in Section 7 another method for calculating EPCs compares the maximum detected 

concentration with the 95 % UCL. The 95 % UCL is selected as the EPC unless it exceeds the 

maximum detected concentration, in which case the maximum detected concentration is selected 

as the EPC. In determining the EPC for AOC 680 groundwater COPCs, the method (mean in 

plume or 95 % UCL/maximum concentration) which produced the higher EPC was selected. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.5.17 and 10.5.18, 

respectively. 

Groundwater 

CDIs for each shallow groundwater COPC are presented in Table 10.5.19. 
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10.5.8.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.5.20 

presented toxicological information specific to each COPC identified at AOC 680. This 

information was used in the quantification of risk potentially associated with soil and groundwater 

contaminants, Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et al., 1986). Arsenic's effects on the nervous and cardiovascular 

systems are primarily associated with acute exposure to higher levels. USEPA set 0.3 pg/kg-day 

as the oral RfD for arsenic based on a NOAEL of 0.8 pg/kg-day in a human exposure study. As 

listed in IRIS the critical effect of this chemical is hyperpigmentation, keratosis, and possible 

vascular complications. The uncertainty factor was determined to be 3 and the modifying factor 

was determined to be 1. Exposure to arsenic-containing materials has been shown to cause cancer 

in humans. Inhalation of these materials can lead to increased lung cancer risk, and ingestion of 

these materials is associated with increased skin cancer rates. Arsenic has been classified as a 

group A carcinogen by USEPA with an oral SF of 1.5 (mg/kg-day)-' . As listed in IRIS the basis 

for the classification is sufficient evidence from human data. An increased lung cancer mortality 

was observed in multiple human populations exposed primarily through inhalation. Also, 

increased mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an 

increased incidence of skin cancer were observed in populations consuming drinking water high 

in inorganic arsenic. 
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Benzo(a)pyrene equivalents include the following list of polynuclear aromatic hydrocarbons 

(PAHs) : 

Benzo(a)anthracene 

Benzo(b) fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF of 7.3 (mglkg-day)-' . Toxicity 

Equivalency Factors (TEFs), also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk. Most carcinogenic 

PAHs have been classified as such due to animal studies using large doses of purified PAHs. 

There is some doubt as to the validity of these listings, and the SFs listed in USEPA's RBC table 

are provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the 

basis for the benzo(a)pyrene B2 classification is animal studies. Human data specifically linking 

benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies 

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Tetrachloroethene (PCE) has been used as a solvent in industry and occurs as a volatile 

constituent in other chlorinated hydrocarbons. Tetrachloroethene exposure can result in 
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long-lasting narcosis with delayed onset and damage to the liver and kidneys. The p~ficipal 

manifestations of overexposure to this halogenated hydrocarbon are coma, jaundice, oliguria, and 

irritation of the eyes and nose followed by headache and nausea. PCE exposure via the inhalation 

andlor skin absorption exposure pathways could result in headache, tremor, dizziness, peripheral 

paresthesia, hypesthesia or anesthesia. PCE is a carcinogen, but is currently under review by 

USEPA; it is currently classified as a B2-C carcinogen. The oral RfD has been set to 

0.01 mglkg-day, and the oral SF and inhalation SF have been set to 0.052 and 

0,0023 (mg/kgday)-', respectively, by USEPA mreisbach et al., 1987). 

Trichloroethene (TCE) is a mobile, volatile liquid which has the characteristic odor of chloroform. 

Inhalation, intravenous, and subcutaneous routes are all viable exposure pathways for this 

compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. Inhaling 

high concentrations causes narcosis and anesthesia. This compound targets the fiver and other 

organs. TCE is a B2 carcinogen, and the oral SF and inhalation SF have been set by USEPA to 

0.011 and 0.006 (mg/kgday)-', respectively. USEPA also set the oral FUD to 0.006 mglkg-day 

(Dreisbach et al., 1987). 

10.5.8.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and future site worker 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. Tables 10.5.21 and 10.5.22 present the computed carcinogenic risks associated 

with the incidental ingestion of and dermal contact with site surface soils, respectively. 



T
ab

le
 1

0.
5.

2 
1 

H
az

ar
d 

Q
uo

ti
en

ts
 a

nd
 I

nc
re

m
en

ta
l L

if
et

im
e 

C
an

ce
r 

R
is

ks
 

in
ci

de
nt

al
 S

ur
fa

ce
 S

oi
l I

ng
es

tio
n 

A
O

C
 6

80
 

C
ha

rl
es

to
n 

N
av

al
 C

om
pl

ex
 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

N
O

T
E

S:
 

N
A

 
N

ot
 a

va
ila

bl
e 

N
D

 
N

ot
 D

et
er

m
in

ed
 d

ue
 to

 la
ck

 o
f a

va
il

ab
le

 in
fo

rm
at

io
n 

L
W

A
 

lif
et

im
e 

w
ei

gh
te

d 
av

er
ag

e;
 u

se
d 

to
 c

al
cu

la
te

 e
xc

es
s 

ca
rc

in
og

en
ic

 r
is

k 
de

ri
ve

d 
ho

rn
 R

A
G

S 
Pa

rt
 A

 
IL

C
R

 
In

cr
em

en
ta

l L
if

et
im

e 
ex

ce
ss

 C
an

ce
r 

R
is

k 

O
ra

l R
tD

 
O

ra
l S

F
 

U
se

d 
U

se
d 

C
he

m
ic

al
 

(r
ng

/k
g-

da
y)

 
(m

gi
kg

-d
ay

)-
' 

B
en

zo
(a

)p
yr

en
e 

E
qu

iv
al

en
ts

 
N

A
 

7.
3 

S
U

M
 H

az
ar

d 
In

de
x/

lL
C

R
 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t 
ad

ul
t 

R
es

id
en

t 
ch

il
d 

R
es

id
en

t 
L

W
A

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
uo

ti
en

t 
IL

C
R

 

N
D

 
N

D
 

2-
68

-0
6 

N
D

 
N

D
 

3 E
-0

6 

Fu
tu

re
 

F
ut

ur
e 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

ti
en

t 
IL

C
R

 

N
D

 
2.

9E
-0

7 

N
D

 
3E

-0
7 



T
ab

le
 1

0.
5.

22
 

H
az

ar
d 

Q
uo

ti
en

ts
 a

nd
 I

nc
re

m
en

ta
l 

L
if

et
im

e 
C

an
ce

r 
R

is
ks

 
D

er
m

al
 C

on
ta

ct
 W

it
h 

Su
rf

ac
e 

So
il 

A
O

C
 6

80
 

C
ha

rl
es

to
n 

N
av

al
 C

om
pl

ex
 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

N
O

T
E

S:
 

N
A

 
N

ot
 a

va
ila

bl
e 

N
D

 
N

ot
 D

et
er

m
in

ed
 d

ue
 to

 la
ck

 o
f 

av
ai

la
bl

e 
in

fo
rm

at
io

n 
L

W
A

 
lif

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 r

is
k 

de
ri

ve
d 

fr
om

 R
A

G
S 

Pa
rt 

A
 

IL
C

R
 

In
cr

em
en

ta
l L

if
et

im
e 

ex
ce

ss
 C

an
ce

r 
R

is
k 

+
 

D
er

m
al

 to
 a

bs
or

be
d 

do
se

 a
dj

us
tm

en
t 

fa
ct

or
 is

 a
pp

li
ed

 to
 a

dj
us

t f
or

 O
ra

l 
SF

 a
nd

 R
fD

 (i
.e

., 
th

e 
or

al
 R

fD
 is

 b
as

ed
 

on
 o

ra
l a

bs
or

pt
io

n 
ef

fi
ci

en
cy

 w
hi

ch
 s

ho
ul

d 
no

t b
e 

ap
pl

ie
d 

to
 d

er
m

al
 e

xp
os

ur
e 

an
d 

de
rm

al
 C

D
I)

 

O
ra

l R
tD

 
O

ra
l S

F
 

D
er

m
al

 
U

se
d 

U
se

d 
C

he
m

ic
al

 
A

dj
us

tm
en

t+
 (

m
gk

g-
da

y)
 

(m
gl

kg
-d

ay
)-

' 

B
en

zo
(a

)p
yr

en
e 

E
qu

iv
al

en
ts

 
0.

5 
N

A
 

14
.6
 

S
U
M
 H

az
ar

d 
In

de
dl

L
C

R
 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t a
du

lt
 

R
es

id
en

t c
hi

ld
 

R
es

id
en

t 
L

W
A

 
H

az
ar

d 
Q

uo
ti

en
t 

H
az

ar
d 

Q
uo

ti
en

t 
IL

C
R

 

N
D

 
N

D
 

1.
2E

-0
6 

N
D

 
N

D
 

1 E
-0
6 

Fu
tu

re
 

Fu
tu

re
 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

ti
en

t 
IL

C
R

 

N
D
 

4.
8E
-0
7 

1 
N
D
 

5E
-0
7 



Zone Z RCRA Fmiliry Znvestigiuion Repon 
Charleston Naval Complex 

Section 10 - Site-Specific Evahiations 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 680 surface 

soils is 3E-06. The dermal pathway ILCR is 1E-06. Benzo(a)pyrene equivalents were the sole 

contributor for each pathway. 

Hypothetical Future Site Workers 

Site worker ILCRs are 3E-07 and 5E-07 for the ingestion and dermal contact pathways, 

respectively. Benzo(a)pyrene equivalents were the sole contributor for each pathway. 

Groundwater Pathways 

Exposure to groundwater onsite was evaluated under both residential and site worker scenarios, 

The ingestion and inhalation exposure pathways were evaluated assuming the site groundwater will 

be used for potable and/or domestic purposes and that an unfiltered well drawing from the 

corresponding water bearing zone, will be installed. For non-carcinogenic contaminants evaluated 

relative to future site residents, hazard index was computed separately for child and adult 

receptors. Tables 10.5.23 and 10.5.24 present the estimated risk and hazard for the ingestion and 

inhalation exposure pathways, respectively. 

Hypothetical Site Residents 

The sum ILCR for the groundwater ingestion pathway was computed as 1E-03. Arsenic was the 

primary contributor to risk estimates based on the ingestion pathway. The hazard indices for the 

adult and child resident ingestion pathway are 5 and 11, respectively. Arsenic was the primary 

contributor to the ingestion pathway hazard index. The ILCR for the inhalation pathway was 

computed to be 3E-07. The hazard index for the inhalation pathway was computed to be 0.0004 

and 0.0009 for the adult and child receptors, respectively. 
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Hypothetical Future Site Workers 

The sum ILCR for the groundwater ingestion pathway was computed to be 3E-04. Arsenic was 

the primary contributor to risk estimates based on the ingestion pathway. The hazard indices for 

the site worker ingestion pathway is 2. Arsenic was the primary contributor to the ingestion 

pathway hazard index. The ILCR for the inhalation pathway was computed to be 7E-CIS. The 

hazard index for the inhalation pathway was computed to be 0.0001. 

Current Sife Workers 

Groundwater is not currently used as a potable water source for AOC 680 or other areas of 

Zone I. In the absence of a completed exposure pathway, no threat to human health is posed by 

reported groundwater contamination, 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1 (unity). As recommended by SCDHEC, a COC was considered to be any chemical 

contributing to a cumulative cancer risk level of 1E-06 or greater and/or a cumulative hazard index 

above 1, and whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0. I.  For 

carcinogens, this approach is relatively conservative, because a cumulative risk level of 1E-04 (and 

individual ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for establishing 

COCs. The COC selection method presented was used in order to provide a more compreliensive 

evaluation of chemicals contributing to carcinogenic risk or non-carcinogenic hazard during the 

remedial goal options development process. Table 10.5.25 presents the COCs identified for 

AOC 680 surface soil and groundwater. 
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Surface Soils 

Hypothetical Site Residents 

Benzo(a)pyrene equivalents were identified as COCs for this scenario based on their contribution 

to ILCR. 

Hypothetical Future Site Workers 

No COCs were identified for this scenario. 

Groundwater 

Hypothetical Site Residents 

Arsenic and tetrachloroethene were identified as groundwater COCs based upon their contr:ibution 

to ILCR. Arsenic was identified as a COC based its contribution to h a r d  index. 

Hypothetical Future Site Workers 

Arsenic was identified as groundwater a COC based upon its contribution to ILCR and hazard 

index. 

10.5.8.6 Risk Uncertainty 

Characterization of Exposure Setting and Identif~cation of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly conservative and would tend to overestimate exposure. 

Current site workers are not exposed to site groundwater. 

Residential use of the site would not be expected, based on current site uses and the surrounding 

buildings. Current reuse plans call for continued non-residential use of Zone I. If this area were 
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to be used as a residential site, the regrading for development would likely change existing 

conditions. Surface soil could be covered with landscaping soil, a driveway and/or a house. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 

generally overestimate the risk posed to current site workers and future site residents. 

Groundwater is not currently used at AOC 680 for potable or industrial purposes. A basewide 

system provides drinking and process water to buildings throughout Zone I. This system is slated 

to remain in operation under the current base reuse plan. As a result, groundwater use would not 

be expected under future site use scenarios. Therefore, the screening scenario established for this 

site associated with groundwater exposure is highly conservative, and associated pathways are not 

expected to be completed in the future. 

Determination of Exposure Poind Concentrah'ons 

The maximum concentration of benzo(a)pyrene equivalents was applied as the EPC to evaluate the 

soil pathways. This represents a upper bound estimate that is likely to result in an overestimation 

of risk. 

Two methods were used to calculated EPCs for estimating groundwater pathway risk. The first 

method is based on EPA Region 4 guidance which states that the average concentration of each 

COPC in the most concentrated area of the plume should be used as the EPC. Since a plume 

cannot be readily defined, this guidance applies only marginally. The second method involved the 

calculation of 95 % UCLs which were compared to maximum concentrations. As described in 

Section7, if 95 % UCLs exceeded maximum concentrations then maximum concentration would 

be selected as the EPC. Otherwise the 95% UCL was selected. For each groundwater COPC, 

the EPC was determined using the method that produced the highest representative concentration. 

The method used to determine groundwater EPCs likely resulted in an overestimation of risk. 
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Frequency of Detection and Spatid h'smmbution 

S u ~ u c e  Soil 

Benzo(a)pyrene equivalents were detected in two of six surface soil samples and was only reported 

in one sample at a concentration above its MC. As a result, future site uses will likely rc:sult in 

only isolated instances of exposure to elevated levels of benzo(a)pyrene equivalents as opposed to 

the consistent exposure assumed in this risk assessment. 

Groundwater 

Out of three groundwater samples collected, arsenic was reported at concentrations above its tap 

water RBC in two groundwater samples and at concentrations above its MCL in only one sample. 

Only one sampling event was conducted for arsenic which introduces uncertainty with respect to 

potential temporal changes in arsenic concentration in the AOC 680 ground.water. 

Tetrachloroethene was reported in both groundwater samples collected from monitoring 

well 680002 at concentrations above its tap water RBC. 

Quantification of Risk/Hazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk estimates. Exposure pathway-specific sources of uncertainty are 

discussed below. 

Soil 

Of the CPSSs screened from formal assessment, none eliminated were reported at concentrations 

close to the corresponding RBCs (i.e., within approximately ten percent of the RBC). This 

minimizes the likelihood of potentially significant cumulative risMhazard with respect to the 

eliminated CPSSs. Aluminum, arsenic, and chromium exceeded their corresponding RBCs, but 

these elements did not exceed the corresponding background concentrations. Therefore, they were 
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eliminated from formal assessment based on comparisons to corresponding background 

concentrations. 

Groundwater 

Of the CPSSs screened and eliminated from formal assessment, none were reported at a 

concentration close to their RBC. This minimizes the likelihood of potentially significant 

cumulative risWhazard based on the eliminated CPSSs. 

Groundwater is not currently used as a potable water source at AOC 680, nor is it used in the 

surrounding area. Municipal water is readily available. As previousIy mentioned, it is highly 

unlikely that the site wiIl be developed as a residential area, and it is unlikely that a potable-use 

well would be installed onsite. It is probable that, if residences were constructed onsite and an 

unfiltered well were installed, the salinity and dissolved solids would preclude this aquifer from 

being an acceptable potable water source. 

10.5.8.7 Risk Summary 

The risk posed by contaminants at AOC 680 were assessed for the site worker and the hypothetical 

future site resident under reasonable maximum exposure assumptions. In surface soils, the 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Ingestion and 

inhalation were evaluated for groundwater based on all available rounds of groundwater 

monitoring data. Table 10.5.26 presents the risk summary for each pathwaylreceptor group 

evaluated for AOC 680. 
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Soil - Future Residential Scenario 

Benzo(a)pyrene equivalents were identified as residential soil pathway COCs for AOC 680. 

Figure 10.5.8 provides the risk map for AOC 680 soil. As shown only one sample location was 

associated with a risk above 1E-06 (680SB003). Table 10.5.27 provides the point risk estimates 

for AOC 680 soil pathways. 

Soil - Future Site Worker Scenario 

No industrial soil pathway COCs were identified for AOC 680. 

Groundwater - Future Residential Scenario 

Arsenic and tetrachloroethene were identified as groundwater pathway COCs. Table 10.5.28 

provides details of risk estimates for the groundwater pathways and covers all rounds of data. As 

shown on Figure 10.5.9, which depicts second round data, arsenic was the primary contributor 

to risk projections for AOC 680 groundwater, Tetrachloroethene was a secondary contributor to 

risk estimates for the groundwater pathways. Arsenic was the primary contributor to hazard 

estimates. Figure 10.5.10 illustrates point hazard estimates for groundwater for the residential 

scenario. Geoprobe data are provided on the risk maps and tables for completeness, however, the 

quantitation of these data is not considered as reliable as those resulting from the monitoring well 

samples. 

Groundwater - Future Site Worker Scenario 

Arsenic was identified as a groundwater pathway COC. Table 10.5.29 presents the risk and 

hazard estimates associated with all rounds of samples collected from each monitoring well. 

Figure 10.5.11 illustrates the point risk for groundwater pathways under a site worker scenario. 

Arsenic was the primary contributor to risk projections for AOC 680 groundwater. 

Figure 10.5.12 illustrates the point hazard index for groundwater pathways. Arsenic was also the 

primary contributor to hazard estimates. 
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10.5.8.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 

Table 10.5.30 for surface soil. 

Groundwater 

RGOs for carcinogens were based on the lifetime weighted average site resident and future site 

workers as presented in Table 10.5.31 for groundwater, respectively. Hazard-based RGOs for 

the residential scenario were calculated based on the hypothetical child receptor. 

10.5.9 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 680, COCs 

requiring further evaluation through the CMS process have been identified for surface soil and 

groundwater. The site is currently in a moderately developed urban setting and risk to human 

health was evaluated under both the future residential and future industrial (site worker) scenarios. 

For these scenarios, the incidental ingestion and dermal contact exposure  pathway;^ were 

evaluated. Hazard was evaluated for noncarcinogenic contaminants through incidental in,gestion 

and dermal contact scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributirlg to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

BEQs were identified as soil pathway COCs for AOC 680. Arsenic and tetrachloroethene were 

identified as groundwater pathway COCs for AOC 680. Table 10.5.32 presents cumulative and 

COC-specific exposure risks and hazard quotients. 



40 0 40 80 Feet 
-- I I I 

LEGEND 

NOCOPCs 

< I € - 6  

1 E-6 to 5E-6 

5E-6 to 1 E-5 

* IE-5 to 1E-4 

SURFACE SOIL POINT RISK 
RESIDENTIAL SCENARIO 

ZONE I - RCRA 
FACILITY INVESTIGATION 
NAVAL BASE CHARLESTON 
CHARLESTON, SC 

FIGURE 10.5.8 
ZONE l 

AOC 680 



Table 10.5.27 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 680 
Charleston Naval Complex, 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index Risk (E-06) 

680 BOO1 No COPCs ND NA NA 

680 BOO2 NoCOPCs ND NA NA 

680 8003 Benzo(a)pyrene equivalents 260.37 uglkg NA 4.31 

680 6004 No COPCs NO NA NA 

680 BOO5 Benzo(a)pyrene equivalents 1.625 uglkg NA 0.03 

680 PO05 No COPCs ND NA NA 



Table 10.5.28 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 680 
Charleston Naval Complex 
Charleston, South Carolina 

Site Location Round Parameter Concentration 

680 PO05 1 2-Butanone (MEK) 310 
680 PO05 1 Acetone 3800 
680 PO05 1 Benzene ND 
680 PO05 1 bis(2-Ethy1hexyl)phthalate 38 
680 PO05 1 Tetrachlomethene 0.64 
680 PO05 1 Trichloroethene ND 

Total 

Units Hazard Index Risk (E-06) 

UGIL 0.102 NA 
UGIL 2.43 NA 
UGIL NA NA 
UGIL 0.121 8.02 
UGlL 0.004 0.52 
UGIL N A NA 

2.66 8.54 

680 PO05 2 2-Butanone (MEK) ND UGIL NA NA 
680 PO05 2 Acetone ND UGIL NA N A 
680 PO05 2 Benzene 0.62 UGIL 0.04 0.54 
680 PO05 2 bis(2-Ethylhexy1)phthalate ND UGIL NA NA 
680 PO05 2 Tetrachloroethene ND UGlL N A NA 
680 PO05 2 Trichloroethene ND UGIL NA NA 

Total 0.04 0.34 

680 WOO1 1 2-Butanone (MEK) ND UGIL NA NA 
680 WOO1 1 Acetone ND UGIL NA NA 
680 WOO1 1 Benzene ND UGlL NA NA 
680 WOO1 1 bis(2-Ethy1hexyl)phthalate ND UGIL N A NA 
680 WOO1 1 Tetrachloroethene ND UGIL N A NA 
680 WOO1 1 Trichloroethene ND UGIL NA NA 

Total V N A  

680 WOO1 2 2-Butanone (MEK) ND UGiL NA NA 
680 WOO4 2 Arsenic (As) 51 -8 UG/L 11.04 1170.82 
680 WOO1 2 Benzene ND UGIL NA NA 
680 WOO1 2 bis(2-Ethylhexyl)phthalate ND UGIL NA NA 
680 WOO? 2 Tetrachloroethene ND UGIL NA NA 
680 WOO1 2 Trichloroethene ND U GlL NA NA 

Total 11.04 117U.82 

680 WOO2 1 2-Butanone (MEK) ND UGlL NA NA 
680 WOO2 1 Acetone ND UGIL NA NA 
680 WOO2 1 Benzene ND UGlL N A NA 
680 WOO2 1 bis(2-Ethylhexyl)phthalate ND UGlL NA NA 
680 WOO2 1 Tetrachloroethene 1.4 UGiL 0.01 0 1.14 
680 WOO2 I Trichloroethene 0.85 UGIL 0.009 0.22 

Total 0.02 1.36 

680 WOO2 2 2-Butanone (MEK) ND UGIL NA NA 
680 WOO2 2 Arsenic (As) 3.1 UGIL 0.66 70.07 
680 WOO2 2 Benzene ND UGIL NA NA 
680 WOO2 2 bis(2-Ethylhexy1)phthalate NO UGIL NA NA 
680 WOO2 2 Tetrachloroethene 2 UGlL 0.014 1.63 
680 WOO2 2 Trichloroethene 3 UGIL 0.032 0.77 

Total 0. (1 72.46 



Table 10.5.28 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 680 
Charleston Naval Complex 
Charleston, South Carolina 

Site Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

680 WOO3 1 2-Butanone (MEK) ND UGlL NA NA 
680 WOO3 1 Acetone ND UGIL NA NA 
680 WOO3 1 Benzene ND UGIL NA NA 
680 WOO3 1 bis(2-Ethylhexy1)phthalate ND UGlL NA NA 
680 WOO3 1 Tetrachloroethene ND UGlL NA NA 
680 WOO3 1 Trichloroethene ND UGIL N A NA 

Total F 

680 WOO3 2 2-Butanone (MEK) ND UGIL NA NA 
680 WOO3 2 Arsenic (As) ND UGIL NA NA 
680 WOO3 2 Benzene ND UGIL NA NA 
680 WOO3 2 bis(2-Ethylhexy1)phthalate ND UGlL NA NA 
680 WOO3 2 Tetrachloroethene ND UGIL NA NA 
680 WOO3 2 Trichloroethene ND UGIL NA NA 

Total p 

680 WOO4 1 2-Butanone (MEK) ND UGlL NA NA 
680 WOO4 1 Benzene ND UGlL NA NA 
680 WOO4 1 Tetrachloroethene ND UGlL NA NA 
680 WOO4 1 Trichloroethene ND UGlL NA NA 

Total F 

680 WOO4 A1 2-Butanone (MEK) ND UGIL NA NA 
680 WOO4 A1 Acetone ND UGlL NA NA 
680 WOO4 A1 Benzene ND UGIL NA NA 
680 WOO4 A1 Tetrachloroethene ND UGIL NA NA 
680 WOO4 A1 Trichloroethene ND UGIL NA NA 

Total p 
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Table 10.5.29 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Site Worker Scenario 
AOC 680 
Charleston Naval Complex 
Charleston. South Carolina 

Site Location Round Parameter Units 

680 PO05 1 2-Butanone (MEK) UG/L 
680 PO05 1 Acetone UGIL 
680 PO05 1 Benzene UGIL 
680 PO05 1 bis(2-Ethylhexy1)phthalate UGIL 
680 PO05 1 Tetrach toroethene UGIL 
680 PO05 1 Trichloroethene UGIL 

Total 

680 PO05 2 2-Butanone (MEK) UGIL 
680 PO05 2 Acetone UGIL 
680 PO05 2 Benzene UGIL 
680 PO05 2 bis(2-Ethylhexy1)phthalate UGIL 
680 PO05 2 Tetrachloroethene UGlL 
680 PO05 2 Trichloroethene UGIL 

Total 

680 WOO1 1 2-Butanone (MEK) UGIL 
680 WOOt 1 Acetone UG/L 
680 WOO1 1 Benzene UGIL 
680 WOO1 1 bis(2-Ethylhexy1)phthalate UGIL 
680 WOO1 1 Tetrachloroethene UGIL 
680 WOO1 1 Trichloroethene UGIL 

Total 

680 WOO1 2 2-Butanone (MEK) UGIL 
680 WOO1 2 Arsenic (As) UGIL 
680 WOO1 2 Benzene UGIL 
680 WOO1 2 bis(2-Ethylhexy1)phthalate UGIL 
680 WOO1 2 Tetrachloroethene UGIL 
680 WOO1 2 Trichloroethene UGlL 

Total 

680 WOO2 1 2-Butanone (MEK) UGIL 
680 WOO2 1 Acetone UGIL 
680 WOO2 1 Benzene UGIL 
680 WOO2 1 bis(2-Ethy1hexyl)phthalate U GIL 
680 WOO2 1 Tetrachloroethene UGlL 
680 WOO2 1 Trichloroethene UGIL 

Total 

680 WOO2 2 2-Butanone (MEK) UGIL 
680 WOO2 2 Arsenic (As) UGIL 
680 WOO2 2 Benzene UGlL 
680 WOO2 2 bis(2-Ethy1hexyl)phthalate UGlL 
680 WOO2 2 Tetrachloroethene UGIL 
680 WOO2 2 Trichloroethene UGIL 

Total 

Concentration Hazard Index Risk (E-06) 



Table 10.5.29 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Site Worker Scenario 
AOC 680 
Charfeston Naval Complex 
Charleston, South Carolina 

Site Location Round Parameter Units 

680 WOO3 1 2-Butanone (MEK) UGIL 
680 WOO3 1 Acetone UGlL 
680 WOO3 1 Benzene UGlL 
680 WOO3 1 bis(2-Ethylhexy1)phthalate UGlL 
680 WOO3 1 Tetrachloroethene UGlL 
680 WOO3 1 Trichloroethene UGIL 

Total 

Concentration Hazard index Risk (E-06) 

680 WOO3 2 2-Butanone (MEK) UGIL ND NA NA 
680 WOO3 2 Arsenic (As) UGiL ND NA NA 
680 WOO3 2 Benzene UGIL ND NA NA 
680 WOO3 2 bis(2-Ethylhexy1)phthalate UGlL ND NA NA 
680 WOO3 2 Tetrachloroethene UGlL ND NA NA 
680 WOO3 2 Trichloroethene UGlL ND NA NA 

Total NA NA 

680 WOO4 1 2-Butanone (MEK) 
680 WOO4 1 Benzene 
680 WOO4 1 Tetrachloroethene 
680 WOO4 1 Trichloroethene 

UGIL NO NA NA 
UGIL ND NA NA 
UGlL ND NA NA 
UGlL ND NA NA 

Total NA NA 

680 WOO4 A1 2-Butanone (MEK) UGIL ND NA NA 
680 WOO4 A1 Acetone UGIL ND NA NA 
680 WOO4 A1 Benzene U GlL ND NA N A 
680 WOO4 A1 Tetrachloroethene UGlL ND NA NA 
680 WOO4 A1 Trichloroethene UGlL ND NA NA 

Total NA NA 
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Table 10.5.30 
Remedial Goal Options for Surface Soil 
Residential Scenario 
AOC 680 
Charleston Naval Complex 
Charleston, South Carolina 

NOTES: 
EPC exposure point concentration 
NA not applicable 
ND not determined 

- remedial goal options were based on the residential lifetime weighted average for carcinogens 

Oral Oral 
SF RfD EPC 

Chemical (mgkg-day)-' (mg/kg-day) mgll 

Benzo(a)pyrene equivalents 7.3 NA 0.23 

Risk-Based 
Remedial Goal Options 
1E-06 1E-05 JE-04 
mg/l mg/l mg/l 

0.060 0.60 6.0 

Hazard-Based 
Remedial Goal Options 

0.1 1.0 3 
mgll mgll mg/l 

ND ND ND 

Background 
Concentration 

mdl 

NA 



Table 10.5.31 
Remedial Goal Options for Groundwater 
AOC 680 
Charleston Naval Complex 
Charleston, South Carolina 

Residential 

Oral Oral 
SF Rfl) EPC 

Chemical ( w h - d a ~  1.' (m&-da~) mg/l 

lnorganics 
Arsenic 

Volatile Organics 
Tetrachloroethene 

Based RGOs 
Hazard-Based 

Remedial Goal Options 

Site Worker Based RGOs 

Oral Oral 
SF RfD EPC 

Chemical (mgkg-day).' (mgkg-day) mg/l 

lnorganics 
Arsenic I .5 0.0003 0.05 

Hazard-Based Risk-Based 
Remedial Goal Options Remedial Goal Options 
0.1 1 .O 3 1E-06 1E-05 1604 

NOTES: 
EPC exposure point concentration 
NA not applicable 
ND not determined 
- remedial goal options were based on the residential lifetime weighted average for carcinogens and the child resident for noncarcinogens 

Background 
MCL Concentration 
mg/l mgn 

Background 
MCL Concentration 
mp/t mgll 
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Risk-based remedial goals for surface soil and groundwater are presented in Tables 10.5.30 and I 

10.5.3 1. Potential corrective measures for soil are presented in Table 10.5.33. 2 

Table 10.5.32 
AOC 680 

Cumulative and ChemicalSpecifie Exposure Risks and Haznrd 

Risk Hazard 

Chemical Industrial Residential Lndustrinl Residential 

Soil 

BEQs 7.7E-7 3.8E4 ND ND 

Groundwater 

Arsenic 2.7E-4 1.2E-3 1.7 11 

Note: 
ND = Not detected 

Table 10.5.33 
AOC 680 

Potential Corrective Measures 

Medium Potential Corrective Measure 

Soil BEQs 

Groundwater Arsenic, Tettachloroetbene 

a) No action 
b) Excavate, ofisite diipsal, and monitoring 
C) ConrahnenUcapping 

a) No action 
b) Monitoring 
C) EX-sihl physicallchemical treatment and discharge to WTW 
d) Ex-situ physical/chemical treatment and discharge through NPDES 
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10.6 AOC 681, Building 681 Blast Booth 

AOC 681 is the abrasive blast booth on the west side of Building 681 used for stripping 

miscellaneous ship and boiler components. The blasting agent (aluminum oxide) is recycled 

through a cyclone separator and the generated wastes, primarily paint dust, are directed into an 

outdoor hopper and then into 55-gallon drums for disposal. 

Building 681 was constructed in 1985 to serve as a shop and administration building for 

Shore Intermediate Maintenance Activity (SIMA). The facility contained a hose shop; a canvas 

shop; a tool storage area; a valve shop; a lagging shop; an air conditioning and recovery shop; 

a hydraulics shop; a paint booth; a blasting booth; a pump shop; a machine shop; an electrical 

shop; and a varnish dip tank. The facility is currently used as a vessel support facility for the 

U.S. Coast Guard. 

Two underground storage tanks (681-1 and 681-2) were associated with this facility. The tanks 

were installed in 1985, when the facility was constructed. Both tanks were closed by removal in 

early 1997. 

UST 681-1 was an unregulated 100 gallon waste oil tank located on the southeast side of 

Building 68 1. 

UST 681-2 was an unregulated 20,000 gallon fuel oil tank located on the south side of 

Building 681. It stored fuel oil for boilers located in Buildings 681 and 680. 

Building 680, which is located on the west side of Building 681, was constructed in 1975 and is 

used for maintenance activities similar to those conducted in Building 681. Engine parts and other 

equipment are cleaned in dip tanks and/or are sandblasted clean as part of repair and maintenance 

programs. 
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An oil/water separator is reportedly located between Buildings 680 and 681 and services both 

buildings. 

In addition, a sanitary and industrial sewer system site plan map from 1968 indicates  hat an 

oillwater separator and associated UST was located just at the northeast corner of what is now 

Building 681. 

Materials of concern are lead-based paint and aluminum oxide in the blast booth area and solvents 

and petroleum products associated with the maintenance activities. Potential receptors include 

current or future site workers involved in invasive activities or working in or near the blast booth. 

Average particulate air emissions from the booth are 0.0004 pounds per hour or 0.00175 tons per 

year (Final Zone I RFI Work Plan, E/A&H, February 1995). 

To fulfill RFI objectives, soil, groundwater, and dust were sampled in accordance with the 

Final Zone I RFI Work Plan, (E/A&H, February 1995), and Section 3 of this report. Sampling 

was conducted to confirm the presence of any contamination from the onsite activities. 

10.6.1 Soil Sampling and Analysis 

Soil was sampled in four rounds in the area around AOC 681 and from area surrounding 

grid-based wells GDI013 and GDI13D. These locations shown on Figure 10.6.1. The 

Final Zone I RFI Work Plan (E/A&H, February 1995) proposed three soil samples col1ecte:d from 

the upper interval and three from the lower interval. During the first round of soil sampling, three 

samples were collected from the upper interval and two samples were collected from tht: lower 
- 

interval. The third proposed lower interval sample was not collected due to a water table 1r:ss than 

5 feet bgs; saturated samples were not submitted for analysis. Samples were analyzed for 

organotins and the standard suite of chemicals, which includes VOCs, SVOCs, metals, cyanide, 
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pesticides, and PCBs at DQO Level 111. Table 10.6.1 summarizes the four rounds of soil 

sampling. 

Table 10.6.1 
AOC 681 

Soil Sampling Summary 

Sampling Sampling Samples 

2 0612 1 19.5 upper-2 (2) Pesticides. SVOCs. VOCs, TPH-DRO Boring 681SB004 analyzed for SVOCs 
06/22/95 only. 

Duplicate- 1 Appendix 9 

4 09/23/98 upper-6 Standard Suite 
09/24/98 
10/06/98 lower-5 

Duplicate-1 Standard Suite 

Notes: 
( )  = Parenthesis indicated number of samples proposed. 
Standard Suite = VOCs. SVOCs, metals, cyanide, pesticides and PCBs at DQO Level Ill. 
Appendix lX = Standard Suite, plus hex-chrome, dioxins, herbicides, and OP pesticides at DQO Level IV. 
Physical parameters anakyses included CEC. chloride, sulfur, ammonia, nitratelnitrite, phosphorus, TOC and total moisture. 

Second-round sampling was performed at AOC 681 after first-round analytical results were 

compared to the USEPA Region I11 mCs (March, 1995). This comparison showed that soil 

sample 681SB00102 contained P M s  above their respective RBCs, justifying the collection of 

additional samples for SVOCs exceeding RBCs during first-round sampling. Two additional soil 

borings were drilled during the second round of sampling. 

Because of the uncertainty of the locations of the subsurface utilities, lower interval samples were 

inaccessible and only two additional upper interval additional samples were collected. 

Sample 681SBOO401 was collected for SVOC analysis. A duplicate was also collected from this 

location for Appendix IX analyses at DQO Level IV. 
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Sample 681SB00501 collected during second-round sampling after an empty oillwater separator I 

line was breached while coring through asphalt to collect soil samples. This sample was analyzed 2 

for pesticides, SVOCs, TPH, and VOCs to determine the extent, if any, of a release. AnaJytical 3 

results indicate no impact occurred as a result of the line breach. 4 

A third-round of geoprobe soil sampling was conducted in the area surrounding GDIO1:3 after 

VOCs and SVOCs were detected in groundwater samples collected at this grid-based well location, 

which is adjacent to AOC 681. Soil samples originally collected from the location of 

GDI013 boring did not indicate elevated concentrations of VOCs and SVOCs, however, additional 

soil samples were collected from the area while groundwater samples were being collected with 

a geoprobe sampIer. Three upper and three lower interval soil samples were collected using a 

geoprobe sampler (DPT) and analyzed for VOCs and SVOCs. Duplicate samples we:re not 

collected during this sampling event. 

A fourth round of soil sampling was conducted as a result of new information that indicated the 

presence of former oilfwater separators and USTs on the north and east side of Building 681. 

Additional samples were also collected in the area between Buildings 680 and 681 to :further 

delineate the extent of contamination. Six upper level and five lower level samples were coIlected. 

These samples were analyzed for VOCs, SVOCs, metals, cyanide, pesticides and PCBs. 

Grid-based soil-boring (GDISB013) was drilled in the area of AOC 681 as noted in Figure 1.0.6.1. 

Upper and lower interval samples from this boring were analyzed for the Standard Suite of 

parameters. Results of these analyses are presented in the Nature and Extent of Contamination 
- 

discussion. Appendix D contains the complete analytical data report. 

In addition to the samples collected as part of the RFI effort, the Environmental Detachment 

Charleston (DET) was tasked with collecting additional surface soil samples adjacent to and inside 
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Building 681. The DET collected six surface soil samples, two outside and four inside 1 

Building 681 in May, 1999. 2 

10.6.2 Nature and Extent of Contamination in Soif 3 

Organic compound analytical results for soil are summarized in Table 10.6.2. Inorganic analytical 4 

results for soil are summarized in Table 10.6.3. Table 10.6.4 summarizes all analytes detected 5 

in soil at AOC 681. Appendix D contains complete analytical data report for all samples collected 6 

in Zone I .  7 

Table 10.6.2 
AOC 681 

Organic Compound Analytical Results for Soil (uglkg) 

Number of 
Samdes 

Sampling Frequency of Range of RBC (Upper) Exceeding 
Compound Interval Detection Detection Mean SSL (Lower) RBC or SSL 

Carbon Disulfide U P P ~ ~  1117 1 1 780,000 0 

Lower 016 ND ND 16,000 0 

Xylene Upper 1/14 3.3 3.3 16.000,OOO 0 

Lower 219 2.6 - 3.6 3.1 70.000 0 

Semivolatile Organics 

Acetophenonc Upper 0114 ND ND 780,000 0 

Lower 119 41 4 1 0.12 1 

Benzo(g, h,i)perylene Upper 1114 850 850 310,000 0 

Lower 119 3.800 3.800 1.2E+8 0 
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Table 10.6.2 
AOC 681 

Organic Compound Analflical Results for Soil bglkg) 

Sampling Frequency of Range of 

Nunnber of 
Samples 

RBC (UDWT) Exceeding 

Benzo(a)anthracene Upper 4/14 60 - 2.900 784 870 1 

Lower 1 I9 18.000 1.800 800 1 

Benzo(b)fluoranthene Upper 4/14 110 - 2.700 792 870 I 

Lower 119 20,000 20.000 2.500 1 

Upper 4/14 48 - 3,200 862 87,000 0 

Lower 119 13,000 13.000 80,000 0 

bis(2-Ethy1hexyl)phthalate upper 7/14 22 - 750 205 46.000 0 
(BEHP) 

Lower 319 21 - 110 57 1.800.000 0 

Dibenzo(a.h)anthracene upper 1/14 470 470 87 1 

Lower 1 /9 1.300 1.300 800 1 

Di-n-butylphthalate Upper 2/14 46-  100 73 780.000 0 

Lower 219 63 - 65 64 2.300.000 0 

Fluoranthene - 
Upper 6/14 25 - 7.500 1,311 310,000 0 

Lower 119 19.000 19,000 2,100.OOO 0 
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Table 10.6.2 
AOC 681 

Organic Compound Analytical Results for Soil b g l k g )  

Number of 
Samples 

Sampling Frequency of Range of RIBC (Wpper) Exceeding 
Compound Kntewal Detection Detection Mean SSL (Lower) RBC or SSL 

1 -Methylnaphthalene Upper 1112 44 44 310,000 0 

Lower 119 620 620 72,000 0 

Naphthalene Upper 0114 ND ND 310,000 0 

Lower 119 1,500 1,500 42,000 0 

Phenanthrene Upper 6114 18 - 3,300 614 230,000 0 

Lower 119 15.000 15,000 660,m 0 

TPH-DRO Upper 111 150.000 150,000 N A 0 

Lower 010 ND ND N A 0 

PesticideslPCBs 

Upper 1/11 190 190 320 0 

Lower 016 ND ND lDOO 0 

Upper Ill 1 0.1 0.1 350 0 

Lower 016 ND ND 1.8  0 

Chlordane Upper 411 1 24 - 120 7 1 1,800 0 
- 

Lower ND ND 5 .000 0 

Lower 216 2.1 - 5.6 3.85 5 .000 0 
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Table 10.6.2 
AOC 681 

Organic Compound Analytical Results for Soil (uglkg) 

Sampling Frequency of Range of 

Number of 
hnples  

RBC (UPDC~) Exceeding 

Dieldrin Upper 3/11 1.1 - 6.5 4.5 40 0 

Lower 116 13 13 2 1 

Endosulfan I1 Upper 111 I 3.6 3.6 47,000 o 
Lower 016 ND ND 9,000 0 

Upper 1111 0.62 0.62 2.300 0 

Lower 016 ND N D  500 0 

Upper 5/11 2.5 - 120 60.1 140 0 

Lower 116 3.3 3.3 11,000 0 

Methoxychlor Upper 011 1 ND ND 39,000 0 

Lower 116 68 68 80,000 0 

Notes: 
a = ~alculatedffrorn method described in USEPA lnterim Supplemental Guidance to RAGS: Region IV Bulletins, H u m  lfealrh Risk 

Assessment. Bulletin No. 2 ,  November 1995 
ND = Not detected 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Table 10.6.3 
AOC 681 

Inorganic Analpica1 Results for Soil (mglkg) 

Number of 
Samples 

Exceeding RBC 
nnd 

Background 
(upper) or SSL 

and 
Sampling Frequency Range of RBC (upper) Background 

Parameter Interval of Detection Detection Mean Background SSL (lower) (lower) 

Antimony Upper 2/10 0.2 - 2.3 1.25 ND 3.1 0 

Lower 016 ND ND ND 2.7 0 

Barium Upper 10110 9.1 - 34.5 17.9 54.2 550 0 

Lower 616 6.4 - 18.4 13.3 36 820 0 

Cadmium Upper 9/10 0.12 - 2.4 0.64 0.61 7.8 0 

Lower 516 0.1 - 0.37 0.25 0.54 4 0 

Cobalt Upper 10110 0.97 - 26.9 7.45 5.8 470 0 

Lower 616 0.42 - 1.8 1.15 3.48 990 0 

Lead Upper 10110 4.2 - 39.2 f 7 203 400 0 

Lower 616 1.8 - 71.6 20.6 12.3 400 0 

Mercury Upper 4/10 0.06 - 0.19 0.098 0.47 2.3 0 

Lower 216 0.04 - 0.07 0.055 ND I 0 
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Table 10.6.3 
AOC 681 

Inorganic Analytical R d t s  for Soil (mglkg) 

Number of 
Samples 

Exceeding RBC 
ant1 

Background 
(upper) or SSL 

ant1 
Svnpling Frequency Range of R8C (upper) Background 

Parameter Interval of Detection Detection Mean Background SSL (lower) (lower) 

Selenium Upper 5110 0.42 - 1.0 0.68 1.49 39 0 

Lower 316 0.15 - 1.1 0.57 1.77 2.6 0 

Vanadium UPF~ 9/10 8.4 - 44.1 18.6 113 55 0 

Lower 616 4.9 - 31.7 17.4 38.1 3 , m  0 

Notes: 
ND = Not detected 
See Table 5.6 for inorganic compound screening concentrations and their sources. 
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Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Secrion 10 - Site-Specific Evaluaiions 

Volatile Organic Compounds in Soil 1 

No VOCs were detected in soil samples at AOC 681 above their respective RBCs or SSLs. Two 2 

VOCs were detected in soil samples collected at grid-based well GDI013, however, they did not 3 

exceeded their respective SSLs. 4 

Semivolatile Organic Compounds in Soil s 

Twenty-one SVOCs were detected in AOC 681 surface soil samples. The following 6 

PAHs exceeded their respective RBCs: benzo(a)anthracene (2,900 pglkg), benzo(a)pyrene 7 

(2,300 pglkg), benzo(b)fluoranthene (2,700 pglkg), dibenzo(a,h)anthracene (407 pglkg), and 8 

indeno(l,2,3-cd)pyrene (880 pglkg). Each of these exceedances occurred at boring 681SB00901. 9 

No other SVOCs exceeded their RBC in the surface soil samples and no SVOCs were detected in lo 

grid boring GDI013. 11 

Twenty-four SVOCs were detected in subsurface soil samples. Again, only PAHs 12 

exceeded their respective SSLs . Benzo(a)anthracene (18,000 pglkg), benzo(a):pyrene 13 

(1 1,000 pglkg), benzo(b)fluoranthene (20,000 pglkg), benzo(k)fluoranthene (22,000 pglkg), and 14 

dibenzo(a,h)anthracene (1,300 pg/kg), all in boring 681SB00102. No other subsurface SVOCs is 

exceeded their SSL. 16 

In accordance with recent cPAH guidance (USEPA Interim Supplemental Guidance to RAGS: 17 

Region IV Bulletins, Human Health Risk Assessment, Bulletin No. 2 [USEPA, 1995~11) and 18 

Section 7 of this report, BEQs were calculated for cPAHs at AOC 681. The BEQ for sample 19 

681SB00101 is 102 pglkg, 681SB00201 is 69.2 pglkg, 681SB00301 is 164 &kg, and 20 

681SB00901 is 3,445 pg/kg. Three samples exceed the FU3C of 87 pglkg. The B:EQ for 21 

681SB00102 is 16,783 pglkg, which exceeds the SSL of 1,600 pglkg. These detections are 22 

concentrated in the area between Buildings 680 and 681. 23 
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Pesticides and PCBs in Soil 

Seventeen pesticides were detected in surface soils at AOC 681. No detections exceeded their 

RBC. Seven pesticides were detected in subsurface soil samples. None exceeded their SSL. 

Three pesticides were detected in soil samples collected at grid-based well GDI013, however, none 

of these exceeded their respective RBCs. 

Other Organic Compounds in Soil 

Dioxins and furans were detected in the duplicate sample collected at boring 681SB004. In 

accordance with recent dioxin guidance and Section 7 of this report, TEQs were calcuIated. The 

TEQ for 681SB00401 is 3.20E-4 pglkg, which is well below the RBC of 4,300 pglkg. 

TPH was detected at 150 mglkg in sample 681SB00501. 

Inorganic Elements in Soil 

Seventeen metals were detected in surface soil samples at AOC 681. Only one sample exceeded 

its RBC and background. Chromium (total) was detected at 73.5 pglkg in sample 681SB01101. 

Eleven metals were detected in Grid boring GDISB01301. None exceeded their respective FU3C 

and background vaIues. 

Sampling By Others 

The DET collected six additional surface soil samples adjacent to and/or inside Building 681 in 

the vicinity of boring 681SB009. A copy of the DET sampling report has been included as an 

attachment to this report. The samples were analyzed for SVOCs only (due to the levels of PAHs 

detected in 6 8 1 ~ k ) .  The calculated BEQs for these six samples ranged from ND to 94.9 &kg 

(which exceeds the RBC of 87 pglkg) was underneath Building 681. This indicates that the 

contamination extends under the building on the southwest comer. 
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10.6.3 Groundwater Sampling and Analysis 

The Final Zone I RFI Work Plan (E/A&H, February 1995) did not propose any site-specific wells 

at AOC 681, however, in accordance with the work plan, a grid-based monitoring well pair, 

GDI013 and GDI13D, was installed adjacent to AOC 681 to characterize the zone perimeter 

groundwater. Based on the detection of VOCs and SVOCs in samples collected from GDI013 and 

GDI13D, three shallow (8 to 10 feet) and three deep (14 to 16 feet) groundwater samples were 

also collected using a geoprobe sampler to delineate the area surrounding the grid-based well pair. 

Samples collected with the geoprobe sampler were analyzed for VOCs and SVOCs only. Three 

monitoring wells were installed in late 1998 to help further delineate the extent of contamination 

at AOC 681. These monitoring wells were sampled in three rounds in 1998 and 1999. 

Table 10.6.5 summarizes the groundwater sampling at AOC 681. Figure 10.6.1 illustrates the 

sample locations. 

Table 10.6.5 
AOC 681 

Groundwater Sampling Summary 

Sampling Sampling 

2 10120t98 3 VOCs, SVOCs. Metals, Cyanide 3 shallow wells installed to further 
delineate the extent of contamination 

4 06/02/99 3 VOCs, SVOCs. Metals, Cyanide 

10.6.4 Nature and Extent of Contamination in Groundwater 13 

Table 10.6.6 summarizes the groundwater analytical results for organics and inorganics detected 14 

in shallow groundwater. Table 10.6.7 summarizes the groundwater analytical results for organics 15 

detected in shallow geoprobe groundwater samples and Table 10.6.8 swnmarizes the analytical 16 

results for organics detected in deep geoprobe groundwater samples. Appendix D is a complete 17 

analytical data report for all samples collected in Zone I. 18 
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Table 10.6.6 
AOC 681 

Analytes Detected in Shallow Groundwater bgil) 

I' Round 2- Round 3'"ound ShaUow 
Paramcters Location Conc. Conc. Conc. Tap IVater RBC- MCLISMCL' Background 

Arsenic (As) 

Cobalt (Co) 68 1 GW003 ND 1.7 ND 220 NL 2.2 

Lead (Pb) 681GWOW ND ND 3.3 15 15 4.4 
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Table 10.6.6 
AOC 681 

Analytes Detected in Shallow Groundwater (Clg/l) 

1' Round 2* Round 3d Round Shallow 
Parameters Location Cone. Conc. Cone. Tap Water RBC* MCLISMCL* Background 

Mercury (Hg) 681GWOO2 ND ND 0.13 1.1 2 N A 

Selenium (Se) 681GW003 ND N D 2.9 50 ND 

Thallium (TI) 681GW003 ND ND 2.4 0.26 2 6.6 

Zinc (Zn) 681GWD03 ND 13.7 ND 1 100 NL 24.4 

Notes: 
- - Tap Water RElCs (THQzO.1) from Risk-Based Concemration Table (USEPA, October 22, 1997). and MCLslSMCLs from Drinking Water Regulations and Health Rdvison'e~ 

(USEPA, 1W) 
Bolded concentrations exceed the RBCs. SSL and the zone background 
N A - - Not applicable 
ND - - Not detected 
NL - - Not listed 
RBC = Risk-Based Concentration 
MCL = Maximum Contaminant Levels 
SMCL = Secondary Maximum Contaminant Levels 
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Table 10.6.7 
AOC 681 Ceoprobe Samples 

Analytes Detected in Shallow Groundwater (ug/l) 

Parameters Location concentration Tap Water RBC* MCLISMCL' Shallow Background 

Volatile O r g a ~ c  Compounds 

Semivolatile Oreanic Communds 

Phenanthrene 68 1GP002 0.91 110 N A N A 

Notes: 
- - Tap Water RBCs (THQ=O. 1 )  from Risk-Bmed Concenrraiion Table (USEPA. October 22. 1997). and MCLsISMCLs from Drinkrng Water Rcgulafionr arrd Heabh Advisories 

(USEPA, 1996e) 
Bolded concentrations exceed the RBCs. SSL and the zone background 
N A - - Not applicable1Not available 
MCL = Maximum Contaminant Leve ls  
RBC = Risk-Based Concentration 
SMCt = Secondary Maximum Contaminant Levels 
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Table 10.6.8 
AOC 681 Ceoprobe Samples 

Analytes Delected in Deep Groundwater @g/l) 

Parameters Location Concentralion Tap Water RBC* MCLISMCL* Deep Background 

Carbon disulfide 68 1GP001 0.62 N A N A 

Nanhthalene 681GPOM 0.57 1 SO NA N A 

Notes: 
t - - Tap Water RBCs (THQ=O. I )  from Risk-Based Concewration Table (USEPA. October 22, 1997), and MCLslSMCLs from Drinking Wafer Regularions and Health Advisorier 

(USEPA. 1996e) 
Bolded concentrations exceed the RBCs. SSL and the zone background 
N A - - Not applicablelNot available 
MCL = Maximum Contaminant Levels 
RBC = Risk-Based Concentration 
SMCL = Secondary Maximum Contaminant Levels 
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Volatile Organic Compounds in Groundwater 

Only one VOC was detected in shallow monitoring well samples at AOC 681. Carbon disulfide 

was detected at 2 pgtL in 681GW00101, well below the tap water RBC. Acetone was detected 

in all three shallow geoprobe groundwater samples collected in the area surrounding grid-based 

well GDI013, however, none of the three exceeded the tap water RBC of 370 pg/L. One VOC, 

1,2-Dichloroethane, was detected in GDI013 during the fourth sampling event, but did not exceed 

its tap water RBC of 5 pglL. 

Two VOCs were detected in deep groundwater samples at AOC 681. Acetone and carbon 

disulfide were detected in the deep geoprobe samples, however, neither exceeded their respective 

RBC. Carbon disulfide was detected in grid-based deep well GDI13D during the fifth sampling 

event, but did not exceed its RBC. Chloroethane was detected in the grid-based well in 'he first 

round at 6.0 pgIL, which exceeds the tap water RBC (3.6 pg/L). 

Semivolatile Organic Compounds in Groundwater 

Two SVOCs were detected in shallow monitoring well samples at AOC 681. BEHP in wells 

681GW003 and 681GW003, and 4-nitrophenol in well 681GW003. BEHP was detected at 

22 pg/L in well 681GW00201, which exceeds the tap water RBC of 4.8 pg/L. No other 

detections exceeded their RBC andlor MCL. 

Four SVOCs were detected in shallow geoprobe groundwater samples at AOC 681, however, none 

of the four exceeded their respective tap water RBC. Two SVOCs, benzoic acid (third and fourth 

quarters) and 2,4,6-trichlorophenol (second quarter), were detected in shallow grid-based well 

GDI013, however, neither exceeded its tap water RBC. 

Six SVOCs were detected in deep groundwater samples during geoprobe sampling at AOC 681. 

Dibenzofuran was detected at 3.0 pg/L in 681GP002, which exceeds the tap water RBC of 
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2.4 pg/L. Phenol and 2,4-dimethylphenol were detected in deep grid-based well GDI13D, 

however, neither exceeded its RBC. 

Other Organic Compounds in Groundwater 

Geoprobe samples collected at AOC 681 were only analyzed for VOCs and SVOCs. No other 

organics were detected in samples collected from monitoring wells installed at AOC 681 01: from 

grid-based wells GDI013 and GDI 13D. 

Inorganics in Groundwater 

Thirteen metals were detected in shallow groundwater samples collected from AOC 681 

monitoring wells. None of these detections exceeded the tap water RBC or MCL and shallow 

background. Fourteen metals were detected in the grid-based well pair (GDI013, GDI13D) 

adjacent to AOC 681, however, none of these exceeded their respective tap water RBC or MCL 

and background. 

Geoprobe groundwater samples were not analyzed for inorganics. 

10.6.3 Wipe Sampling and Analysis 

Seven wipe samples, to be submitted for lead and aluminum compound analyses, were proposed 

in the Final Zone I RFI Work Plan (E/A&H, February 1995). Eight samples collectecl from 

horizontal surfaces inside Building 681 and near the blast booth were submitted for leiid and 

aluminum analyses. Table 10.6.9 summarizes the wipe sampling at AOC 681. 

- 

Samples Samples 

Table 10.6.9 
AOC 681 

Wipe Samphg Summary 
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10.6.4 Nature and Extent of Contamination in Dust 

Table 10.6.10 summarizes the wipe sampling analytical results. 

Table 10.6.10 

AOC 681 

Wipe Sampling Analytical Results (&wipe) 

818 Aluminum compounds 30 - 19.200 

Lead in Dust 

Seven of eight samples had detections of lead ranging from 52 pglwipe to 1,310 pg/wipe. 

Aluminum and Compounds in Dust 5 

All eight samples had detections of aluminum and compounds ranging from 30 pg/wipe to 6 

19,200 ,ug/wipe. 7 

10.6.5 Fate and Transport Assessment 

AOC 681 is the blast booth in Building 681, which houses a stripping operation where various 

surface coating materials are removed. Building 681 was constructed in 1985 to serve as a shop 

and administration building for Shore Intermediate Maintenance Activity (SIMA). The facility 

contained a hose shop; a canvas shop; a tool storage area; a valve shop; a lagging shop; an air 

conditioning and recovery shop; a hydraulics shop; a paint booth; a blasting booth; a pump shop; 

a machine shop; an electrical shop; and a varnish dip tank. The facility is currently used as a 

vessel support facility for the U.S. Coast Guard. Currently, the site is paved, which limits the 

migration pathways of rainwater infiltration and surface soil runoff. 

Environmental media sampled as part of the AOC 681 investigation include surface soil, 

subsurface soil, shallow groundwater and deep groundwater. Potential constituent migration 
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pathways investigated include soil to groundwater, groundwater migration, and emiss:ion of 

volatiles from surface soil to air. Additionally, an effort to preliminarily address the issue of 

discharge to surface water receptors was made. This assessment is intended to serve as a 

qualitative analysis using the analytical data for these media coupled with the current 

understanding of hydrogeological conditions at the site. 

10.6.5.1 Soil to Groundwater Cross-Media Transport 

Tables 10.6.1 1 and 10.6.12 compare maximum detected organic and inorganic constituent 

concentrations in surface soil and subsurface soil samples respectively to risk-based soil screening 

levels considered protective of groundwater. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, 

with no attenuation of constituents in soil (DAF = 10) 

Two semi-volatile organic compounds - acetophenone and BEQs - were present in soil above 

their respective screening values. Acetophenone was only detected in one of six subsurfal~e soil 

samples and was not detected in any surface soil samples. There were no corresponding detections 

of this compound in the groundwater samples indicating that this lone detection may be an an~omaly 

and the soil-to-groundwater pathway for this compound is not considered valid. BEQs were 

detected in both the surface and subsurface soil samples in an area between Buildings 680 and 681. 

However, there were no detections of BEQs in the shallow groundwater samples at the site. The 

absence of any BEQs in the shallow groundwater in this area indicates that the pathway may not 

be valid. Figure 10.6.2 presents BEQ concentrations detected at AOC 681. 

One pesticide - &eldrin - was present in surface and subsurface soil samples above its screening 

value. The distribution of this pesticide was spatially limited, occurring in only three of eleven 

surface soil samples and only one of six subsurface samples. There were no detections of this 

pesticide in the groundwater samples indicating the pathway is not likely to be valid. 

Figure 10.6.3 presents the dieldrin concentrations detected at AOC 68 1 . 



Table 10.6.11 
Organic Chemicals Detected in Surface Soil. Subsurface Soil, Sediment, and Shallow Groundwater 
Comparison to Cross-media SSLs, Tap Water RBCs, and Saltwater Surface Water Chronic Screening Levels 
AOC 681 
Charles Naval Complex 
Charleston, South Carolina 

I 
Parameter 

Volatile Organic Compounds 
Acetone 
Carbon disulfide 
Toluene 
Xylene (total) 

Semivolatile Organic Compounds 
Acenaphthene 
Acetophenone 
Anthracene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene Equivalents 

Benzo(a)anthracene c 
Benzo(a)pyrene c 
Benzo(b)fluoranthene c 
Benzo(k)fluoranthene c 
Chrysene c 
Dibenz(a,h)anthracene c 
Indeno( l,2,3-cd)pyrene c 

Butylbenzylphthalate 
Dibenzofuran 
Di-n-butylphthalate 
Di-n-octyl phthalate 
bis(2-Ethylhexyl)phthalate (BEHP) c 
Fluoranthene 
Fluorene 
I -Methylnaphthalene 
2-Methylnaphthalene 
Naphthalene 
3-Nitroaniline 
Phenanthrene 
Pyrene 

PesticidedPCBs 
Aldrin c 
Aroclor- 1254 c 
beta-BHC (beta-HCH) c 
gamma-BHC (Lindane) c 

G 

Surface Subsurface Shallow 
Soil Soil Sediment GW 

48 54 NA 9 9 
ND I NA 2 
2 2 N A ND 

3 3 3.6 N A ND 

140 3800 N A 5 3 
ND 4 1 N A N D 
640 4900 NA N D 
850 3 800 NA ND 
3445 16783 NA ND 
2900 18000 NA ND 
2300 11000 NA ND 
2700 20000 NA N D 
2400 22000 NA ND 
3200 13000 NA ND 
470 1300 N A ND 
880 4500 N A ND 
180 ND N A ND 
54 2000 NA 13 
100 65 N A ND 
30 ND NA ND 

750 I I 0  N A 22 
7500 19000 NA ND 
180 3 800 N A 10 
44 620 N A ND 
ND 490 N A ND 
ND 1500 N A 0.57 
ND 250 N A ND 
3300 15000 NA 1.3 
5600 18000 NA ND 

ND I5  N A ND 
190 ND NA ND 

1 ND N A ND 
1.1 ND N A ND 

Screening Concentration 
Soil to Soil to Saltwater 

GW Air Tap Water Surf. Wtr. 
SSL SSL RBC Chronic 

8000 I OE+08 3700 NA 
16000 720000 1000 NA 
6000 650000 750 37 

70000 a 410000 I2000 NA 

290000 N A 2200 9 7 
0.12 a NA 0.042 NA 

5900000 NA 11000 NA 
1 X i 0 8  a N A l SO0 NA 

1600 a NA 0.W92 NA 
800 NA 0.092 NA 

4000 NA 0 0092 NA 
2500 NA 0.092 NA 

25000 NA 0.92 NA 
80000 NA 9.2 NA 

800 NA 00092 NA 
7000 NA 0.092 NA 

9 3 0000 930000 7300 294 
6800 a 120000 24 NA 

2300000 2300000 3 700 3.4 
100OOOOO 1OOOOOOO 730 NA 
1800000 3 1000000 4.8 NA 
2 1 ~ 0 0  N A 1 SO0 1.6 

280000 NA l SO0 NA 
72000 a N A 1500 NA 

230000 a N A 1500 23.5 
42000 N A I500 23.5 

270 a N A 1 10 NA 
660000 a N A l 100 NA 

2100000 N A 1100 NA 

230 3000 0.0039 0.1 3 
1000 0.03 1000 0.033 

1.3 IE+09 0 037 NA 
4.5 NA 0.052 0.016 

Soil Watcr 
Units Units 

UGKG U G ~  

UGKG u ~ n  
VGAG ucn 
umc uc5 

UGKG UGR. 

UGKG UGR 

UGKG UGR 

UGKG UGR 

UGMG VGR 

UWKG UGR 

UGKG UGR 

UGKG UGR 

UWKG urn 
UGKG UGR 

UGAG UGR 

UWKG UGR 

UWKG UGR 

UGKG UGL 

UGMG U G ~  

u m o  UGR 

u o x ~  uon 
UGMG uon 
UGAF uG5 

UGKG UGR. 

UGMG UGL 

UGKG u rn  
UWKG UGL 

UGKG ucn 
UGAG UGA 

UGKG UGR 

UGKG UGR 

uoxo ucn 
UGKG UGL 

Ground- Surface 
Volatil- water Water 

Leaching ization Migration Migration 
Potential Potential Concern Concern 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO YES 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 

YES NO NO NO 
YES NO NO NO 
YES NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 

YES NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO YES NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 



Table 10.6.11 
Organic Chemicals Detected in  Surface Soil, Subsurface Soil, Sediment, and Shallow Groundwater 
Comparison to Cross-media SSLs, Tap Water RBCs, and Saltwater Surface Water Chronic Screening Levels 
AOC 681 
Charles Naval Complex 
Charleston, South Carolina 

Notes: 
Sources of screening concentrations appear in 'Table 5.5 
Explanations of fate and transport screening procedures appear in Section 6 2. 
Frequency and range o f  detections, average detected concentrations, and number of screening concentration exceedances appear in Tables 10.6.2, 10.6.6, 10.6.7, and 10.6.8 

a - Calculated soil to groundwater SSL value (See Table 6 2) NA - Not applicableinot available 
b - Based on surrogate compound; see Table 5.5 ND - Not detected 
c - Cscicngefiic RBC - Risk-based concentration 

GW - Groundwater SSL - Soil screening level 

h 

I 
Parameter 

Pcsticides/PCBs (continued) 
Chlordane c 
alpha-Chlordane c 
gamma-Chlordane c 
Dieldrin c 
Endosulfan I 
Endosulfan 11 
Endosulfan sulfate 
Endrin 
Heptachlor c 
Heptachlor epoxide c 
Methoxychior 

Herbicides 
2,4,5-TP (Silvex) 

TPH-DRO 
TPH - Diesel range organics 

Dioxin Compounds 
2,3,7,8-TCDD equivalents (TEQs) c 

1234678-HpCDD c 
OCDD c 
1234678-HpCDF c 
OCDF c 

NGKG - Nanograms per kiiogram 
U G K G  - Micrograms per kilogram 
P G L  - Picograms per liter 
UG/L - M~crograms per liter 

Screening Concentration 
Soil to Soil t o  Saltwater 
GW Ai r  Tap  Water Surf, Wlr. 
SSL SSL RBC Chronic 

5000 20000 0.19 0.004 
5000 b 20000 0.19 0.004 
5000 b 20000 0.19 0.004 

2 1000 0 0042 0 001 9 
9000 b N A 220 0.0087 
9000 b NA 220 0.0087 
4600 a NA 220 NA 

500 N A 11  0.0023 
11000 100 0.0023 0.0036 

330 5000 0.0012 0.0036 
80000 NA 180 0.03 

5600 a N A 290 NA 

N A NA N A NA 

1600 a NA 0.45 10 
108000 a NA 45 NA 

1080000 a N A 450 NA 
54000 a N A 45 NA 

540000 a N A 450 NA 

Maximum Concentration 

Surface Subsurface Shallow 
Soil Soil Sediment CW 

I20 ND N A ND 
2 8 2.4 N A N D 
3 3 5.6 N A N D 
6.5 13 NA ND 
ND 32 N A ND 
3 6 N D NA N D 
1.9 ND N A N D 

0.62 ND NA N D 
94 3.3 N A N D 
22 ND N A N D 
N D  68 N A N D 

0. I ND N A ND 

1 SO ND N A ND 

0 325 NA NA NA 
14.1 N A N A NA 

124.3 N A NA NA 
4 9 NA NA N A 
10 1 NA N A N A 

Soil Water 
Units Units 

vmri UWL 

UGAG UOL 

UGKG UWL 
UGRG UGR 

UGKG UGR 

UGRG UGR 

UGKG urn 
UGKG urn 
UGKG urn 
UGKG UOL 

UGRG urn 

UGKG urn 

UGIKG urn 

NGKG pan 

NGKG m 
NGRG  PO^ 

NGKG rm 
NGKG PCR. 

Ground- Surface 
Volatil- water Water 

Leaching izalion Migration Migration 
Potentiat Potential Concern Concern 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
YES NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 
NO NO NO NO 



Table 10.6.12 
Inorganic Chemicals Detected i n  Surface Soil, Subsurface Soil, Sediment, and Shallow Groundwater 
Comparison l o  Cross-media SSLs. Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Values 
A O C  681 

Chsrleston Naval Complex 
Charleston, South Carolina 

Note :  
Sources o f  screening concentrations appear in Table 5.6 
Explanations offate and transport screening procedures appear in Section 6.2. 
Frequency and range o f  detections, average detected concentrations, and number o f  screening concentration exceedances appear in Tables 10.6.3 and 10 6.6. 

Maximum Concentration Screening Concentration Fugitive Cround- Surface 

Soil to Tap Particulalc water Water 
Surface Subsurface 

11900 11400 N A  560000 a 27400 NA 37000 

750 0.045 
54 2 690000 2600 
0.95 1300 
0.61 1800 

792 411 

Background values for soil are shown for comparison purposes only 
Maximum groundwater concentrations are screened against the greater o f  tap water RBCs or corresponding background values to determine groundwater migration concern 

Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (NI) 
Selen~um (Se) 
Silver (Ag) 
Thallium (TI) 
Tin (Sn) 
Vanadium (V)  
Zinc (Zn) 

a - Calculated sot1 to groundwater SSL value (See Table 6.2) 
c - Carcinogenic 
GW - Groundwater 

NA -Not available/Not applicable 
ND - Not detected 
RBC - Risk-based concentralion 

37 2 28 2 NA 10.1 
392 7 t 6  NA 3.3 
250 83 1 NA 89.1 
0.19 0.07 NA 0.19 
32.4 13 5 NA 2 3 

I I I NA 2.9 
ND ND N A 6.1 
ND ND NA 2.4 
1.6 2 1 NA ND 

22.9 317 NA 9.6 
213 59 2 NA 13.6 

SSL - Soi l  screening level 
MG/KG - Mil l igrams per ki logram 
UGIL - Micrograms per liter 

NA 2200 
5600 a 240 NA 1500 4.4 2.9 
400 203 400 15 4.4 
480 a 419 NA 730 5430 N A  

I 0.47 10 t 1 NA 0.025 
65 23.9 13000 730 13 3 8.3 
2.6 1.77 NA 180 ND 71 
17 NA N A 180 NA 0.23 

0.36 ND NA 2 6 2 2 1.3 
5500 a 7 5 NA 22000 NA NA 
3000 I13 NA 260 14 NA 
6200 206 NA 11000 24.4 86 

MGKG UGL 

8 . 5 ~ 0 ~ ~  UGL. 

MGKG ucn 
MGKG ucn 
MGXG UG/L 

MCKG UGR 

MGNG VG~L 

MGlKG UGR 

MGIKC VGR 

MGIKG UGL 

MGKG UWL 

NO NO N O  YES 
N O  NO N O  N O  
N O  NO N O  N O  
N O  NO NO YES 
NO NO NO NO 
NO NO NO NO 
NO NO N O  YES 
NO NO N O  N O  
NO NO N O  NO 
NO NO NO NO 
NO N O  NO NO 
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One inorganic -chromium - was present in soil above its screening value. It was present i.n both 

surface and subsurface soil samples. It was only detected in groundwater in the grid-basme well 

location (both shallow and deep samples). Figure 10.6.4 presents the chromium concentrations 

detected at AOC 681. The presence of chromium in soil is potentially consistent with past 

activities at Buildings 680 and 681 (maintenance shop) and the presence of chromium in soil and 

groundwater validates the pathway with respect to this parameter. 

10.6.5.2 Groundwater Migration to Surface Water Cross Media Transport 

Tables 10.6.1 1 and 10.6.12 compare maximum detected organic and inorganic constituent 

concentrations respectively, in shallow groundwater to risk-based concentrations for drinking 

water, and to chronic ambient saltwater quality criteria values for the protection of aquatic life 

(saltwater surface water chronic screening values). For inorganics, maximum concentrati.ons in 

groundwater are screened against the greater of (a) risk-based drinking water concentrations or 

(b) corresponding background concentrations for groundwater, as well as to the saltwater s'urface 

water chronic values. To provide a conservative screening, no attenuation or dilution of 

constituents in groundwater is assumed before comparison to the relevant standards. It should be 

noted at the beginning of this discussion that the risk-based pathway for shallow groundwater is 

currently an invalid pathway simply because there is no human consumption of the groundwater, 

e.g. there is no end-use receptor. This comparison is made for screening only, and to develop 

strategies for long-term management of the groundwater should an area containing de1ei:erious 

levels be identified. 

Two semi-volatile compounds - acenaphthene and bis(2-ethylhex1y)phathalate (BEHP:) were 

present in grounawater at concentrations that exceeded their respective screening values. Both 

exhibited only slight exceedances. Acenaphthene was only detected in one geoprobe sample and 

BEHP was only detected above the screening value in one well in the second round. The 

inconsistent detections of acenaphthene would indicate that the pathway is not considered valid 
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with respect to this constituent. The presence of BEHP is suspect (it is often a common laboratory 

artifact) and due to its absence in the most recent round of groundwater sampling as well as its 

absence from groundwater samples collected from the grid-based shallow well, the pathway for 

this constituent is considered invalid. Figure 10.6.5 presents concentrations of BEHP detected at 

AOC 68 1. 

Three inorganic constituents - copper, mercury, and silver - were present in groundwater at 

levels above their respective screening values for surface water migration. Copper was detected 

at approximately twice its background for shallow groundwater, but was not above its SSL in 

surface or subsurface soil. Figure 10.6.6 presents concentrations of copper detected at AOC 681. 

Mercury was detected above its screening value for surface water migration but was only detected 

in the third round of sampling and was not detected in the grid-based well. Mercury detections 

were also below SSLs for surface and subsurface soil. Silver was only detected in one well in the 

first and third round of sampling and was not detected in the grid-based well. Additionally, silver 

was not detected in the soil samples collected at this site. The proximity of the Cooper River and 

the groundwater flow direction indicate that the river is a potential receptor of groundwater 

discharge, but attenuation along the flowpath and dilution upon discharge to the river will likeIy 

reduce concentrations of these constituents to insignificant levels. 

10.6.5.3 Soil to Air Cross-Media Transport 

No surface soil parameters were present above their respective screening values for the soil to air 

pathway, thus the pathway is considered invalid for this AOC. 

10.6.5.4 Fate and Transport Summary 

Acetophenone and BEQs were present in soil above their respective SSLs. Acetophenone was 

only detected in one of six subsurface soil samples and was not detected in any surface soil 

samples. There were no corresponding detections of this compound in the groundwater samples 
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indicating that this lone detection may be an anomaly and the soil-to-groundwater pathway fix this 

compound is not considered valid. BEQs were detected in both the surface and subsurface soil 

samples in an area between Buildings 680 and 681. However, there were no detections of BEQs 

in the shallow groundwater samples at the site. The absence of any BEQs in the shallow 

groundwater in this area indicates that the pathway may not be valid. 

Acenaphthene and BEHP were present in groundwater at concentrations that exceeded. their 

respective screening values. Both exhibited only slight exceedances. Acenaphthene was only 

detected in one geoprobe sample and BEHP was only detected above the screening value in one 

well in the second round. The inconsistent detections and the fact that these constituents were not 

detected in the most recent sampling round would invalidate the pathway. 

Copper, mercury, and silver were present in groundwater at levels above their respective 

screening values for surface water migration. Copper was detected at approximately twice its 

background for shallow groundwater, but was not above its SSL in surface or subsurfacle soil. 

Mercury was detected above its screening value for surface water migration but was only de:tected 

in the third round of sampling and was not detected in the grid-based well. Mercury dete:ctions 

were also below SSLs for surface and subsurface soil. Silver was only detected in one well in the 

first and third round of sampling and was not detected in the grid-based well. Additionally, silver 

was not detected in the soil samples collected at this site. The proximity of the Cooper River and 

the groundwater flow direction indicate that the river is a potential receptor of groundwater 

discharge, but attenuation along the flowpath and dilution upon discharge to the river will likely 

reduce concentrations of these constituents to insignificant levels. 
- 
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10.6.6. Human Health Risk Assessment for AOC 681 

10.6.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 681 was to assess contamination in soil and groundwater 

and on interior surfaces of Building 681. AOC 681 is a blast booth in Building 681 used to strip 

paint from miscellaneous components. 

Building 681 was constructed in 1985 to serve as a shop and administration building for 

Shore Intermediate Maintenance Activity (SIMA). The facility contained a hose shop; a canvas 

shop; a tool storage area; a valve shop; a lagging shop; an air conditioning and recovery shop; 

a hydraulics shop; a paint booth; a blasting booth; a pump shop; a machine shop; an electrical 

shop; and a varnish dip tank. The facility is currently used as a vessel support facility for the 

U.S. Coast Guard. 

Two underground storage tanks (681-1 and 68 1-2) were associated with this facility. The tanks 

were installed in 1985, when the facility was constructed. Both tanks were closed by removal in 

early 1997. 

Building 680, which is located on the west side of Building 681, was constructed in 1975 and is 

used for maintenance activities similar to those conducted in Building 681. Engine parts and other 

equipment are cleaned in dip tanks and/or are sandblasted clean as part of repair and maintenance 

programs. 

A total of eleven surface soil samples were collected at the AOC 681 area. The number of soil 

samples differs for various groups of analytes because specific groups were targeted at certain 

sampIe locations znd/or sampIing rounds. In addition, soil samples were collected from three DPT 

locations in the northeastern quadrant of the site. The Navy's Environmental Detachment also 

collected six shallow soil samples, both inside and outside Building 681 in the vicinity of 

boring 681SB009. These sample results are not used in the HHRA as they do not meet DQOs. 



Zone I RCRA Facility Invesligalion Report 
Charleston Naval Complex 
Section 10 - Site-Specific Evaluations 
Revision: 0 

However, the results of all sampling are discussed in the Nature and Extent of Contamination 

section. 

Groundwater was sampled in three rounds from three monitoring wells installed at AOC 681. 

Seven wipe samples were also collected from interior surfaces in and around the Building 681 blast 

booth. These samples were analyzed for lead and aluminum oxides. The analyses were 

semi-quantitative in that the wipe area was not precisely measured for each sample. The intent 

of the sampling effort was to confirm or refute the presence of lead and aluminum oxides on 

interior surfaces. AOC 681 is located within an area slated to become part of a marine cargo 

terminal in current base reuse plans. As a result, if Building 681 is maintained in its current 

condition under reuse plans, potential receptors will be limited to adults engaged in occupational 

activities. 

Lead data are discussed in the following sections, but no formal quantitative risk assessment was 

attempted for wipe sample data. The results of wipe samples were summarized in Section 10.6.4. 

10.6.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.6.13, benzo(a)pyrene equivalents and chromium were the surface soil COPCs identified. 

Aluminum, arsenic, and manganese were detected at maximum concentrations exceeding their 

RBCs but not exceeding their respective background concentrations. Therefore, these inorganics 

were eliminated from further consideration in the HHRA. No additional COPCs were identified 

based on the results of Wilcoxon rank sum test analyses. 
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Table 10.6.1 3 
Chemicals Present in Site Samples 
AOC 681 - Surface Soil 
Charleston Naval Complex 
Charleston, South Carolina 

Notes: 
' - Indicates chemical was identified as a COPC 
N - Indicates chemical is an essential nutrient 
SQL - Sample quantitation limit 
RBC - Risk-based concentration 
UGIKG - micrograms per kilogram 
MGlKG - milligrams per kilogram 
NGlKG - nanograms per kilogram 
NA - Not applicable or not available 
ND - Not determined due to lack of information 

Number 
Exceeding 

RBC Background Units 

UGlKG 

NGlKG 
NGlKG 
NGlKG 
NGlKG 
NGIKG 

Residential 
RBC Background 

N A NA 

4.3 NA 
N A NA 
N A NA 
N A NA 
N A NA 

of 
SQL 

12 12 

N A N A 
N A N A 
N A N A 
NA NA 
N A N A 

I 
Parameter 

TPH - DRO 
TPH - Diesel Range Organics 

TCDD Equivalents 
Dioxin (TCDD Equivalents) 
7234678-HpCDD 
1234678-HpCDF 
OCDD 
OCDF 

Frequency 
of 

Detection 

1 2 

1 1 
1 1 
1 1 
1 1 
1 1 

Range Average 
of Detected 

Detection Concentration 

150 150 150 

0.325 0.325 0.325 
14.1 14.1 14.1 
4.89 4.89 4.89 
124 124 124 
10.1 10.1 10.1 
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Building Surfaces 

Lead was detected in six of seven wipe samples at concentrations ranging from 52 to 

1,310 pglwipe. Aluminum oxides were also detected in six of seven wipe samples at 

concentrations ranging from 671 to 19,200 pg/ wipe. All wipe samples were collected from 

surfaces in and immediately adjacent to the Building 681 blast booth and associated equipment. 

The maximum concentrations of both analytes were reported in a wipe sample collected from the 

surface of the blast booth vacuum. The affected floor area represents less than one-quarter of the 

total building space. 

Shallow Groundwater 

As shown in Table 10.6.14, Bis(2-ethylhexy1)phthalate was identified as the only COPC in shallow 

groundwater at AOC 681. Arsenic, manganese, and thallium were detected at maximum 

concentrations exceeding their RBCs, but not exceeding their respective background 

concentrations. Therefore, these inorganics were eliminated from further consideration in the 

HHRA. Wilcoxon rank sum test analyses did not result in the inclusion of any inorganic 

parameters that had been screened out on the basis of background concentration. 

10.6.6.3 Exposure Assessment 

Exposure Setting 

AOC 681 is a blast booth located in Building 681. It is used to strip miscellaneous components. 

Average particulate air emissions from the booth are 0.0004 pounds per hour or 0.00175 tons per 

year. The future use of this AOC is unknown, although AOC 681 is located within an area slated 

for redevelopment as a marine cargo terminal according to current base reuse plans. 
- 



Table 10.4.14 
Chemicals Present in Site Samples 
AOC 681 - Shallow Groundwater 
Charleston Naval Complex 
Charleston, South Carolina 

Frequency Range Average Range Screening Concentration Number 
of of Detected of Exceeding 

Parameter I Detection Detection Conc. SQL RBC Background Units RBC Bkgd. 

lnorganics 
Aluminum (Al) 3 9 53.2 131 85.5 17 68 3700 1440 UGlL 
Arsenic (As) 6 9 3.3 8.1 5.28 3.3 7.7 0.045 23 UGlL 6 

67 2500 

4.3 89.15 

Semivolatile Organics 

Volatile Organics 
Carbon Disulfide 

Notes: 
+ - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitation limit 
UGlL - microgram per liter 
NA - Not applicable 
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Since municipal water is readily available basewide, it is highly unlikely that the aquifer will be 

used as a source of potable or process water. Groundwater exposure pathways would not be 

completed if the municipal water supply is kept inplace. As a highly conservative estimate of 

potential risMhazard due to groundwater pathways, a residential scenario and an indi~strial 

scenario were considered for AOC 681. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents and adolescent trespassers. Future site 

resident and worker exposure scenarios were addressed in this risk assessment. Current exposure 

to workers is discussed quantitatively in relation to the future workers and future residents. The 

hypothetical future site worker scenario assumed continuous exposure to surface soil cor~ditions. 

Current site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited soil contact. Therefore, future worker assessment is 

considered to be conservatively representative of current site workers. The resident child scenario 

was considered to be conservatively representative of the adolescent trespasser. The future site 

resident scenario was built on the premise that existing features would be removed and replaced 

with dwellings. 

Exposure Pathways 18 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 19 

soils. The exposure pathways for future residential land use are the same as those for the future 20 

site worker. The hypothetical future site worker scenario assumed continuous exposure to surface 21 
- 

soil conditions. The groundwater pathway for the hypothetical future site residents a:nd site 22 

workers is incidental ingestion of groundwater. Uniform exposure was assumed for all sample 23 

locations. No VOCs were reported in AOC 681 groundwater samples at concentrations exceeding 24 
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residential RBCs; therefore the inhalation of volatiIes pathway was not addressed for this site. 1 

Table 10.6.15 presents the justification for exposure pathways assessed in this HHRA. 2 

Table 10.6.15 
Exposure Pathways Summary - AOC 681 

Charleston Naval Complex - Zone I 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Air, Inhalation of No Little surface soil is exposed at AOC 681, 
chemicals entrained in inhibiting fugitive dust generation. 
fugitive dust Therefore, this exposure pathway was 

considered insignificant compared to the 
other pathways. 

Shallow groundwater, No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or nonresidential 
shallow groundwater water at AOC 681. 
contaminants 

Soil, Dermal contact No (Qualified) Future site use i s  considered to be 
conservatively representative of current use. 

Future Land Uses 
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Table 10.6.15 
Exposure Pathways Summary - AOC 681 

Charleston Naval Complex - Zone I 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 

Shallow groundwater, Yes Shallow groundwater is not likely to be used 
Ingestion of contaminants as a source of potable water at AOC 681; 
during potable or general however, this pathway was included as a 
use conservative measure. 

Soil, Incidental ingestion Yes COPCs were identified subsequent to risk- 
based and background screening 
comparisons. 

Wild game or domestic No Huntingltaking of game andlor raising 
animals. Ingestion of tissue livestock is prohibited within the Chal-leston. 
impacted by media South Carolina city limits. 
contamination 

Exposure Point Concentrations I 

As discussed in Section 7 of this RFI, 95 % UCLs were calculated for datasets consisting of at least 2 

10 samples. Thestatistical analysis of surface soil pathway COPCs is presented in Table 10.6.16. 3 

The 95 7% UCLs were applied as the EPC. BEQs were detected in only four of eleven siimples. 4 

All impacted soil samples were collected from an area of less than 1000 square feet immediately 5 

adjacent to a blast booth exhaust collection hopper. Samples collected outside this area had no 6 



Table 10.6.16 
Statistical Analysis of COPCs in Surface Soil 
AOC 6 8 1 - Zone I 
Charleston Naval Complex 
Charleston, South Carolina 

NOTES: 
mean arithmetic mean of the logtransformed data 

n number of samples analyzed 
SD standard deviation for a sample of data 

H-stat "H" statistic from Gilbert 1987; cuboidal interpolation was used to determine the value in 
accordance with USEPA Supplemental Guidance to RAGS, Calculating the 

EPC exposure point concentration 
UCL 95 percentile upper confidence level mean 

MAX maximum reported concentration 

i Natural Log Transformed UCL MAX 
COPC n mean SD H-stat (mglkg) (mglkg) 

Benzo(a)pyrene Equivalents 1 1  -0.541 0.664 2.417 1.21 3.45 
Chromium 10 3.312 0.676 2.492 60.5 79.2 

EPC 

(mglkg) 

1.21 UCL 
60.5 UCL 
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detectable cPAHs. Based on the limited extent of identified impacts, an FIIFC factor of O. 1 was 

conservatively estimated. This factor takes into consideration the size of the impacted area relative 

to a standard 0.5 acre exposure area. Because only 9 shallow groundwater samples were 

collected, no 95 % UCLs were computed. The maximum bis(2-ethy1hexyl)phthalate concentration 

(0.022 mg/L) was applied as the groundwater pathway EPC using the 'hot spot' approach. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are presented Tables 10.6.17 and 10.6.18, 

respectively. 

Shallow Groundwater 

CDIs for the groundwater pathway calculated as described in Section 7 are presented in 

Table 10.6.19. 

10.6.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.6.20 

presents toxicological information specific to the COPC identified at AOC 681. This information 

was used in the quantification of risklhazard associated with soil and groundwater contaminants. 

A brief toxicological profile for each COPC is provided in the following paragraphs. 

BEQs include the following list of polynuclear aromatic hydrocarbons (PAHs): 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 



Table 10.6.17 
Chronic Daily Intakes (CDI) 
Incidental Ingestion of Surface Soil 
AOC 68 1 Zone I 
Charleston Naval Complex 
Charleston, SC 

I 

NOTES: 
LWA lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B 

CDI Chronic Daily Intake in mgkg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 

* Reflects the estimated fraction of the site impacted by the corresponding COPC 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mgkg-day) ( m g h - d a ~ )  

Fraction Exposure 
Ingested from Point 
Contaminated Concentration 

Chern ical Source* (mgkg) 

Benzo(a)pyrene Equivalent 0.1 3.65E-07 1.54E-06 I .89E-07 I Chromium (Cr) 1 60.45 8.28E-05 7.73E-04 9.46E-05 

Future Future Future 
Resident adult Resident child Resident LW 

H-CDI H-CDI C-CDI 
(mgkg-day) (mgkg-day) (mgtkg-da~) 

5.90E-08 2.1 1 E-08 
2.96E-05 1.06E-05 



Table 10.6.18 
Chronic Daily Intakes (CDI) 
Dermal Contact with Surface Soil 
AOC 68 1 Zone I 
Charleston Naval Complex 
Charleston, SC 

I 

NOTES: 
LWA Lifetime Weighted Average 

CDI Chronic Daily Intake in rngkg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 

+ The dermal absorption factor was applied to the exposure point concentration 
to reflect the different trans-dermal migration of inorganic versus organic chemicals 

* Reflects the estimated fraction of the site impacted by the corresponding COPC. 

Exposure Fraction Dermal 
Point Contacted from Absorption 

Concentration Contaminated Factor+ 
Chemical ( m f l g )  Source * (uni tless) 

Benzo(a)pyrene Equivalent 1.2 1 0.1 0.0 1 
Chromium (Cr) 60.45 1 0.00 1 

Future Future Future 
Resident adult Resident child Resident LW 

H-CD1 H-CDI C-CDI 
(mag-day) (mag-day)  (mag-day) 

6.77E-08 2.24E-07 4.24E-08 
5.40E-06 1.12E-05 2.128-06 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mgkg-day) (mgkg-day) 

4.84E-08 I .73E-08 
2.43E-06 8.66E-07 



Table 10.6.19 
Chronic DaiIy Intakes (CDI) 
Ingestion of COPCs in Shallow Groundwater 
AOC 681 - Zone I 
Charleston Naval Complex 
Charleston, South Carolina 

NOTES: 
lwa lifetime weighted average 

CDI Chronic Daily Intake 
H-CDI Non-carcinogenic hazard based Chronic Daily Intake 
C-CDI Carcinogenic risk based Chronic Daily Intake 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 

(mgkg-day) (mglkg-day) 

Exposure 
Point 

Concentration 
Chemical (mglliter) 

Future Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI C-CDI 
(rng/kg-day) (mgikg-day) (mglkg-day) 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data, All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3  (mglkglday)". Toxicity 

Equivalency Factors (TEFs), also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk. Most carcinogenic 

PAHs have been classified as such due to animal studies using large doses of purified PAHs. 

There is some doubt as to the validity of these listings, and the SFs listed in USEPA's RBC table 

are provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the 

basis for the benzo(a)pyrene B2 classification is animal studies. Human data specifically linking 

benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, multiple animal studies 

in many species demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or 

SF has been set by USEPA. However, an action level for soil protective of child residents has 

been proposed by USEPA Region IV: 400 mglkg. USEPA's OSWER has recommended a 

1,000 mglkg cleanup standard for industrial properties. USEPA's Office of Water has established 

a treatment technique action level of 15 pg/L. As listed in IRIS, the classification is based on 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 

strains with some evidence of multiple tumor sites. Short-term studies show that lead affects gene 
- 

expression. Human evidence is inadequate. An RfD and SF have not been set because of the 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 

observed in the CNS, blood, and mental development of children. RfDs are based on the 

assumption that a threshoId must be exceeded to result in toxic effects (other than carcinogenicity). 
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Once lead accumulates in the body, other influences cause the actual levels in the blood to 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 

exposed individual has previously been exposed to lead, this individual could lose weight and set 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 

reasons lead effects are difficult to predict (Klaassen et aI., 1986). 

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 

ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 

of other elements within the gastrointestinal tract and can alter intestinal function. Aluminum can 

potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on 

the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part 

of the neuro-muscular system controlling bowel muscles. The effect could explain why 

aluminum-containing antacids often produce constipation and indicates aluminum could affect the 

uptake of other chemicals. Aluminum dust is moderately flammable and explosive in heat. 

Inhaling this dust can cause fibrosis (aluminosis) (Klaassen, et al., 1986; Dreisbach et al., 1987). 

No data are available on an applicable SF or the USEPA cancer group. The USEPA Region IV 

Office of Health Assessment suggested using the provisional oral RfD of I .O mg/kg/day. The 

aesthetic-based secondary MCL (SMCL) for drinking water is 50 to 200 ,ug/L. 

Chromium exists in two stable, natural forms: trivalent (CrIII) and hexavalent (CrVI). Acute 

exposure to chromium can result in kidney damage following oral exposure or damage to the nasal 

mucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent 
- 

chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in 

both animals and humans following occupational exposure. Only hexavalent chromium is believed 

to be carcinogenic by inhalation (IRIS, 1999). Oral RfD values for both forms of chromium are 
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1.5 and 3E-3 (mg/kg/day). For trivalent chromium, the RfD is based on liver toxicity in the rat. 

For the hexavalent form, the RfD is based on unspecified pathological changes observed in rat 

studies. In addition, hexavalent chromium is considered a group A carcinogen for inhalation 

exposures, and an SF of 41 (mg/kg/day)-' has been established for the hexavalent form. Vitamin 

supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects 

were observed for chromium (111). The uncertainty factor was 100 and the modifying factor was 

10. As listed in IRIS, no critical effects were observed for chromium (VI). The uncertainty factor 

for chromium (VI) was 900 and the modifying factor was 1. 

bis(2-Ethylhexyl)phthalate, otherwise known as BEHP, is a plasticizer used in virtually every 

major product category. Phthalate esters are ubiquitously distributed in the environment. 

Although the toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects 

are also possible (indicated in animal studies) due to chronic exposure to BEHP. This compound 

is classified as a B2 carcinogen, and USEPA set the oral RfD and oral SF to 0.02 mglkg-day and 

0.014 (mglkg-day)" , respectively (Klaassen et al., 1986). 

10.6.6.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and future industrial (site 

worker) scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were evaluated. For noncarcinogenic contaminants evaluated for future site residents, 

hazard was computed separately to address child and adult exposure. Tables 10.6.21 and 10.6.22 
- 

present the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and 

dermaI contact with site surface soils, respectively. 



Table 10.6.21 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Incidental Surface Soil Ingestion 
AOC 681 Zone I 
Charleston Naval Complex 
Charleston, SC 

i 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 

LWA lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime excess Cancer Risk 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

ND 1.5E-07 
0.00002 ND 

Oral RfD Oral SF 
Used Used 

Chemical (mgkg-day) (mgkg-day)-' 

Benzo(a)pyrene Equivalent NA 7.3 
Chromium (Cr) 0.003 N A 

SUM Hazard IndexIILCR 0.028 0.0005 1 E-06 0.00002 2E-07 

Future Future Future 
Resident adult Resident child Resident LW 

Hazard Quotient Hazard Quotient ILCR 

ND ND 1.4E-06 
0.028 0.0005 ND 



Table 10.6.22 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Dermal Contact With Surface Soil 
AOC 68 1 Zone I 
Charleston Naval Complex 
Charleston, SC 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 

LWA lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime excess Cancer Risk 

+ Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based 
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI) 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

ND 2.5E-07 
0.0040 ND 

0.004 3E-07 

Oral RfD Oral SF 
Dermal Used Used 

Chemical Adjustment ' (mgikg-day) (mg/kg-day)-] 

Benzo(a)pyrene Equivalents 0.5 NA 14.6 
Chromium (Cr) 0.2 0.0006 NA 

SUM Hazard index/ILCR 

Future Future Future 
Resident adult Resident child Resident LWA 

Hazard Quotient Hazard Quotient ILCR 

ND ND 6.2E-07 
0.0057 0.019 ND 

0.0057 0.0 19 6E-07 
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Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 681 s8urface 

soils is 1E-06, and the dermal pathway ILCR is 6E-07. Benzo(a)pyrene equivalents were tile sole 

contributor. The ingestion hazard indicies for the adult and child resident are 0.03 and 0.0005, 

respectively. The dermal contact pathway hazard indicies for the adult and child resident are 

0.006 and 0.02, respectively. Chromium was the sole contributor to HI. 

Hypothetical Future Site Workers 

Future site worker ILCRs are 2E-07 and 3E-07 for the ingestion and dermal contact pathways, 

respectively. Benzo(a)pyrene equivalents were the sole contributor. Site worker HQs are 0.00002 

and 0.004 for the ingestion and dermal contact pathways respectively. Chromium was the sole 

contributor to HI. 

The area in which soil samples were collected at AOC 681 is covered by an asphalt surface. 

Current site users have little chance of exposure to affected surface soil. As a resuit, the 

risWhazard projections discussed above are considered gross overestimates should existing site 

features be maintained under future use scenarios. 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both residential and site 'worker 

scenarios. The ingestion exposure pathway was evaluated assuming the site groundwater will be 

used for potable and/or domestic purposes and that an unfiltered well, drawing from the 

corresponding water bearing zone, will be installed. For noncarcinogenic contaminants evaluated 
- 

relative to future site residents, hazard was computed separately for child and adult receptors. 

Table 10.6.23 presents the risk and hazard for the ingestion pathway. Since no VOCs were 

identified as COPCs in groundwater at AOC 681, the inhalation pathway was not addressed at this 

site. 



Table 10.6.23 

Hazard Quotients and Incremental Lifetime Cancer Risks 

Shallow Groundwater Ingestion 

AOC 681 

Charleston Naval Complex 

Charleston, South Carolina 

I 

Notes: 

NA Not Available 

ND Not Determined due to lack of 

LWA lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS RAGS Part A 
ILCR Incremental Lifetime excess Cancer Risk 

Future Future 

Worker adult Worker adult 

Hazard Quotient ILCR 

0.0 1 1 I .  lE-06 

' 0.01 1 E-06 

Oral  RfD Oral  SF 

Used Used 

Chemical (mglkg-day) (mglkg-day).' 

bis(2-Ethylhexy1)phrhalate 0.02 0.014 

SUM Hazard IndexALCR 

Future Future Future 

Resident adult Resident child Resident LWA 

Hazard Quotient Hazard Quotient lLCR 

0.030 0.070 4.6E-06 

0.03 0.07 5E-06 
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Hypothetical Site Residents 

Bis(2-ethylhexy1)phthalate was the only COPC identified in shallow groundwater and is thle sole 

contributor to ILCR and HI projections for the groundwater ingestion pathway. The ILCR for the 

future residential scenario is 5E-06. The hazard indices for the adult and child resident are 

0.03 and 0.07, respectively. 

Hypothetical Future Site Workers 

The groundwater pathway risk for the future site worker scenario is 1E-06 and the hazard index 

is 0.01. Bis(2-ethylhexy1)phthalate was the sole contributor to ILCR and HI projections associated 

with the groundwater ingestion pathway. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for AOC 681 or other areas 

of Zone I. In the absence of a completed exposure pathway, no threat to human health is posed 

by reported shallow groundwater quality. 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site. USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a 

HI threshold of 1 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1 E-06 or greater and/or a cumulative HI above 

1, and whose individual ILCR exceeds 1E-06 or whose HQ exceeds 0.1. For carcinogens, this 

approach is relatively conservative, because a cumulative risk level of 1E-04 (and individual ILCR 
- 

of 1E-06) is recommended by USEPA Region IV as the trigger for establishing COCs. The COC 

selection algorithm presented was used in order to provide a more comprehensive evaluation of 

chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the remedial goal 
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options development process. Table 10.6.24 presents the COCs identified for AOC 681 surface 

soil and groundwater. 

Surface Soils 

Future Site Residents 

BEQs were identified as soil pathway COCs based on their contribution to cumulative ILCR 

projections. 

Future Site Workers 

No soil pathway COC was identified based on its contribution to cumulative ILCR or hazard 

projections. 

The extent of the COCs identified in surface soil is briefly discussed below. Because the COC 

was reported at four of eleven locations, it was relatively apparent that the extend of surface soil 

impacts was limited. The FIIFC factor of 0.1 was conservatively estimated based on the distance 

between sampling points and the total potential exposure area. Asphaltic materials overlie most 

locations. Although sampling methods attempted to preclude or minimize asphaltic materials in 

the borehole, it is possible that these materials could have served as a source of cPAHs, if 

fragments were entrained in underlying soil during borehole advancement. 

Groundwater 

Future Site Residents 

Bis(2-ethylhexy1)phthalate was identified as a groundwater pathway COC based on its contribution 
- 

to cumulative residential ILCR projections. 



Table 10.6.24 
Summary of Risk and Hazard-based COCs for AOC 681 
Charleston Naval Complex, Zone I 
Charleston, South Carolina 

Future Future Future 
Exposure Resident Adult Resident Child Resident LWA I Site Worker 1 Identification 

Medium Pathway Hazard Quotient Hazard Quotient ILCR I ~ a z a r d  Quotient ILCR )of  cocs 
Surface Soil h i d e n t a l  Benzo(a)pyrene Equivalent ND ND ND 1.5E-071 2 1.4E-06 I 

Ingestion Chromium (Cr) 0.028 0.0005 N D I  0.00002 
Dermal Contact Benzo(a)pyrene Equivalent ND ND 6.2E-07 

Chromium (Cr) 0.0057 0.0 19 
I 

/surface Soil Pathway Sum 0.033 0.0 19 2E-06 1 0.004 1 4E-07 
1 

Groundwater ingestion bis(2-Ethylhexy1)phthalate 0.03 0.07 4.68-06 1 0.01 1 1.1~-061 2 4 

Notes: 
ND - not determined due to the lack of available risk information. 
ILCR - incremental excess lifetime cancer risk 
HI - hazard index 
LWA - Lifetime Weighted Average 
I -  Chemical is a COC by virtue of projected child residence non-carcinogenic hazard. 
2- Chemical is a COC by virtue of projected future resident lifetime ILCR. 
3- Chemical is a COC by virtue of projected site worker non-carcinogenic hazard. 
4- Chemical is a COC by virtue of projected site worker 1LCR. 

Groundwater Pathway Sum 0.03 0.07 4.68-06 
Sum of all Pathways 0.06 0.09 7E-06 

0.01 1 1 E-06 
0.0 15 1 E-06 
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Future Site Workers 

Bis(2-ethylhexy1)phthalate was identified as a groundwater pathway COC based on its contribution 

to cumulative industrial ILCR projections. 

Bis(2-ethylhexy1)phthaIate was detected at a concentration exceeding its tap water RBC (4.8 mg/L) 

in one groundwater sample. 

10.6.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the future site worker scenario are highly protective and would tend to overestimate exposure. 

The area sampled at AOC 681 is covered by an asphalt surface, thus precluding exposure to 

affected surface soil. Current site workers are not exposed to site groundwater. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of this 

portion of Zone I,  and the AOC 681 area is slated to become a marine cargo terminal. If this area 

were to be used as a residential site, the buildings would be demolished, asphalt surface removed, 

and the surface soil conditions would likely change - the soils could be covered with landscaping 

soil andlor a house. Consequently, exposure to current surface soil conditions would not be likely 

under a true future residential scenario. These factors indicate that exposure pathways assessed - 
in this HHRA would generally overestimate the risk and hazard posed to current site workers and 

future site residents. 
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Shallow groundwater is not currently used at AOC 681 for potable or industrial purposes. 

A basewide system provides drinking and process water to buildings throughout Zone I. This 

system is slated to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

screening scenario established for this site associated with shallow groundwater exposure is highly 

conservative and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

The 95 % UCL was applied as the EPC for chromium in surface soil. Because BEQs were 

detected in only a limited number of samples and in an extremely small area (less than 1000 square 

feet), use of the FIIFC factor to modify the 95% UCL applied as the EPC was deemed 

appropriate. No 95% UCLs were calculated for the COPC in shallow groundwater because less 

than ten samples were analyzed for the identified COPC. The maximum concentration of 

bis(2-ethylhexy1)phthalate was applied as the EPC. 

Frequency of Detection and Spatial Distribution 

Soil 

The maximum concentration of chromium was reported in the surface sample at 681SBOOX. The 

maximum concentration of benzo(a)pyrene equivalents was reported in the surface sample at 

68 1 SB009. Each of the samples in which benzo(a)pyrene equivalents were detected was collected 

within approximately 20 feet of the outside paint chip hopper. A conservative FIiFC factor of 0.1 

was assumed for BEQs considering the limited extent of impacts. Further sampling in the vicinity 

of the reportedly impacted surface soil locations would likely serve to further reduce the - 
FIJFC factor, and thus exposure estimates. 
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Groundwater 

Bis(2-ethylhexy1)phthdate exceeded its tap water RBC in one groundwater sample (681002) in the 

first sampling event and was detected below its tap water RBC in wells 681002 and 681003 

during the second sampling event. Bis(2-ethylhexy1)phthalate was not detected in the third 

sampling event. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to its corresponding RBC (i.e., within approximately 10% of the RBC). This 

minimizes the likelihood of potentially significant cumulative risWhazard based on the eliminated 

CPSSs. Concentrations of aluminum, arsenic, and manganese exceeded their corresponding 

RBCs, but did not exceed their corresponding reference concentrations. Therefore, they were 

eliminated from formal assessment based on comparisons to reference concentrations. 

Although the future land use at this site is unknown, both the future worker and residential 

exposure scenarios were assessed in this HHRA. Current base reuse plans call for conversion of 

the area to be a marine cargo terminal. As previously discussed, these scenarios would likely lead 
- 

to overestimates of risk andtor hazard. 
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Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none were reported at a concentration close to 

its corresponding RBC (e.g. within 10% of their RBCs). Arsenic, manganese, and thalliurn were 

detected at concentrations exceeding their tap water RBCs, however, their maximum 

concentrations did not exceed their corresponding background concentrations. As a result, each 

chemical was eliminated from consideration in the risk assessment. 

Groundwater is not currently used as a potable water source at AOC 681, nor is it used in the 

surrounding area. Municipal water is readily available. As previously mentioned, it is highly 

unlikely that the site will be developed as a residential area, and it is unlikely that a potable-use 

well would be installed onsite. It is probable that, if residences were constructed onsite and an 

unfiltered well were installed, the salinity and dissolved solids would preclude this aquifer from 

being an acceptable potable water source. 

Background - Related Risk 

Soil 

Aluminum, arsenic, and manganese were detected in AOC 681 surface soil at concentrations above 

their respective RBCs. These elements were eliminated from consideration in the risk assessment. 

based on comparison to corresponding background values. It is not unusual for naturally 

occurring or background concentrations of some elements to exceed risk-based concentrations. 

It is the risk assessments function to identify excess risk and/or hazard, or that which is above 

background levels. The following is a discussion of the residential scenario risk/hazard associated 

with background<oncentrations of aluminum, arsenic, and manganese. 

The maximum surface soil concentration of aluminum (1 1900 mg/kg) for AOC 681 equates with 

HQs of 0.16 and 0.008 for the residential child and site worker, respectively. The background 

value for aluminum (27,400 mglkg) resulted in HQs of 0.38 and 0.02 for the residential child and 
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site worker, respectively. The maximum surface soil concentration of arsenic (6.6 mg/kg) equates 

with ILCRs of 1.7E-05 and 2E-06 for the residential and site worker scenarios, respectively. The 

maximum reported concentration of arsenic equates with HQs of 0.3 and 0.015 for the residential 

child and site worker, respectively. The background value for arsenic (21.6 mgtkg) equates with 

ILCRs of 5.6E-05 and 8E-06, and HQs of 0.99 and 0.05 for the residential and site worker 

scenarios, respectively. The maximum surface soil concentration of manganese (250 mglkg) 

equates with hazard quotients of 0.07 and 0.007 for the residential child and site workers, 

respectively. The background value for manganese (419 mglkg) results in HQs of 0.12 and 0.013 

for the residential child and site worker, respectively. 

Groundwater 

Arsenic, manganese, and thallium were detected in groundwater samples at concentrations 

exceeding their respective lU3Cs. These inorganics were eliminated from consideration in the risk 

assessment based on comparison to corresponding background values. The following is a 

discussion of the residential scenario risklhazard associated with background concentrations of 

arsenic, manganese, and thallium. 

The maximum reported concentration of arsenic (8.1 pg/L) yieIded HQs of 1.7 and 0.5 for the 

residential and site worker scenarios, respectively. The maximum reported concentration of 

arsenic equates with ILCRs of 1.8E-04 and 8.5E-05 for the residential child and site worker 

scenarios, respectively. The background concentration for arsenic (23 pg/L) equates with ILCRs 

of 5.1 E-04 and 2.4E-04, and HQs of 4.9 and 1.5 for the residential and site worker scenarios, 

respectively. The maximum reported concentration of manganese (89.15 pg/L) yielded HQs of 

0.1 and 0.08 for the residential child and site worker secenarios, respectively. HQs resulting from 

the background concentration for manganese (5430 pg1L) were 6.5 and 4.6 for the residential 

child and site worker, respectively. The maximum groundwater concentration of thallium 

(2.4 ,ug/L) for AOC 681 equates with HQs of 1.9 and 0.6 for the residential child and site worker, 
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respectively, The background value for thallium (6.6 pg/L) equates with HQs of 5.3 and I. .6 for 

the residential child and site worker, respectively. 

10.6.6.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 681 were assessed for the hypothetical site 

worker and the hypothetical future site resident under reasonable maximum exposure assumptions. 

In surface soils, the incidental ingestion and dermal contact pathways were assessed in this HHRA. 

The ingestion pathway was assessed for groundwater. Table 10.6.25 presents the risk surnmary 

for each pathwaylreceptor group evaluated for AOC 681. 

Soil - Residential Scenario 

The residential soil pathway COCs identified for AOC 681 are BEQs. Figure 10.6.7 illustrates 

point risk estimates for AOC 681 based on surface soil exposure pathways under a future 

residential scenario. Table 10.6.26 summarizes the risk and hazard contribution of each COPC 

at each sample location. This point risk map is based on the unlikely assumption that a potential 

future site resident will be chronically exposed to specific points. Exposure to surface soil 

conditions is more likely the result of uniform exposure to the soil conditions of the entire site (or 

exposure unit area) rather than specific points. With this in mind, risk maps supplemented by the 

tables are useful in that they allow the reader to visualize how chemicals driving risk estimates are 

spatially distributed across the site. 

Only four sample locations yielded ILCRs that were greater than 1E-06. Benzo(a)pyrene 

equivalents were the primary contributors to risk. Risk estimates at AOC 681 ranged from 

1E-06 at 681 SBO2 to 6E-05 at 68 1SB009. 

Chromium was a primary contributor to hazard estimates at AOC 681. None yielded a hazard 22 

index above unity. Hazard index estimates ranged from 0.03 at 681SB001 to 0.2 at 681SB008. 23 



Table 10.6.25 
Summary of Risk and Hazard 
AOC 68 1 - Zone I 
Charleston Naval Complex 
Charieston, South Carolina 

Exposure s ILCR HI ILCR 
Medium Pathway (Adult) (Child) ( LWA) (Worker) (Worker) 
Surface Soil Incidental 0.028 0.0005 1 E-06 0.00002 2E-07 

Ingestion 

Dermal Contact 0.006 0.019 6E-07 0.004 3E-07 

Sum of Surface Soil Pathways 0.03 0.02 2E-06 0.004 4E-07 

Groundwater Ingestion 0.03 0.07 5E-06 0.01 I 1 E-06 

Sum of Groundwater Pathways 0.03 0.07 5E-06 0.01 1 I E-06 

Sum of All Pathways 0.06 0.09 7E-06 0.015 1 E-06 

Notes: 
ND indicates not determined due to the lack of available risk information. 
ILCR indicates incremental excess lifetime cancer risk 
HI indicates hazard index 



Table 10.6.26 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 681 
Charleston Naval Complex 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index Risk (E-06) 

681 001 Benzo(a)pyrem Equivalents 102 UG/L NA 1.69 
Chromium (Cr) 10.7 UGlL 0.029 NA 

Total 0.029 1.69 

681 002 Benzo(a)pyrene Equivalents 69.2 UGlL N A 1.15 
Chromium (Cr) 15.7 UGIL 0.043 N A 

Total 0.043 1.15 

681 003 Benzo(a)pyrene Equivalents 165 UGlt NA 2.73 
Chromium (Cr) 26.7 UGiL 0.073 N A 

Total 0.073 2.73 

681 004 Benzo(a)pyrene Equivalents ND UGIL NA NA 
Chromium (Cr) 22.4 UGlL 0.061 N A 

Total 0.061 N A 

681 005 Benzo(a)pyrene Equivalents ND UGlL N A N A 
NT UGlL N A N A 

Total N A NA 

681 006 Benzo(a)pyrene Equivalents ND UGIL N A N A 
Chromium (Cr) 14.3 UGlL 0.039 N A 

Total 0.039 N A 

681 007 Benzo(a)pyrene Equivalents ND UGlL N A N A 
Chromium (Cr) 17.85 . UGlt 0.049 N A 

Total 0.049 N A 

681 008 Benzo(a)pyrene Equivalents ND UGlL N A N A 
Chromium (Cr) 79.2 UGlL 0.217 N A 

Total 0.217 N A 

681 009 Benzo(a)pyrene Equivalents 3445.2 UGlL N A 57.05 
Chromium (Cr) 44.1 UGA 0.121 N A 

Total 0.121 57.05 

681 010 Benzo(a)pyrene Equivalents ND UGlL N A N A 
32.6000 UGlL 0.089 NA 

Total 0.089 N A 

681 011 Benzo(a)pyrene Equivalents ND UGIL N A N A 
73.5000 UGlL 0.202 N A 

Total 0.202 NA 
param - soil - res risk haz 
Benzo(a)pyrene Equivalents 0.0165603128 0 
Chromium 0 0.002742468 1 
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Soil - Site Worker Scenario 

No industrial soil pathway COCs were identified for AOC 681 

Groundwater - Residential Scenario 

Bis(2-ethylhexy1)phthalate was identified as a groundwater pathway COC. As shown in 

Table 10.6.27 bis(2-ethylhexy1)phthalate was the sole contributor to risk and hazard projections 

for AOC 68lgroundwater. Risk estimates ranged from 2E-07 at 68100202 to 5E-06 at 68100201. 

Bis(2-ethylhexy1)phthalate was the primary contributor to hazard estimates. Figures 10.6-8 and 

10.6-9 illustrate point hazard and risk estimates for groundwater for the residential scenario. 

Hazard estimates ranged from 0.003 at 68100202 to 0.07 at 68100201. 

Groundwater - Industrial Scenario 

Bis(2-ethylhexy1)phthalate was identified as a groundwater pathway COC. As shown in 

Table 10.6.28 and Figure 10.6-10, bis(2-ethylhexy1)phthalate was the sole contributor to risk 

projections for AOC 681 groundwater. Risk estimates ranged from 1E-07 at 68100202 to 2E-06 

at 68100201. Bis(2-ethylhexy1)phthalate was the primary contributor to hazard estimates. 

Figure 10.6-1 1 illustrates point hazard estimates for groundwater for the industrial scenario. 

Hazard estimates ranged from 0.001 at 68100202 to 0.02 at 68100201. 

10.6.6.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighed average site resident as presented in 

Table 10.6.29 for surface soil. No hazard-based RGOs were necessary - 

Groundwater 

Groundwater RGOs based on the site resident scenarios and site worker are shown in 

Table 10.6.30 and 10.6.31, respectively. 



Table 10.6.27 
Polnt Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 681 
Charleston Naval Complex 
Charleston, South Carolina 

Site Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

ND UGIL N A N A 
Total N A N A 

ND UGlt NA N A 
Total N A N A 

681 001 03 bis(2-ethylhexy1)phthalate ND UGlL N A N A 
Total N A N A 

681 002 0 1 bis(2-ethylhexyl)phthalate 22 UGll 0.070 4.58 
Total 0.070 4.58 

681 002 02 bis(2-ethylhexyl)phthalate 1 UGIL 0.003 0.21 
Total 0.003 0.21 

ND UGlL NA N A 
Total N A N A 

ND UGIL N A N A 
Total N A N A 

681 003 02 bis(2-ethylhexy1)phthalate 3 UGIL 0.010 0.62 
Total 0.01 0 0.62 

681 003 03 bis(2ethylhexyl)phthalate NO UGlL N A N A 
Total N A N A 
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Table 10.6.28 
Point Estimates of Risk and Hazard -Groundwater Pathways 
Industrial Scenario 
AOC 681 
Charleston Naval Complex 
Charleston. South Carolina 

Site Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

681 001 0 1 bis(2-ethylhexy1)phlhalate ND UGlL N A NA 
Total NA N A 

ND UGlL N A N A 
Total N A N A 

NO UGlL NA N A 
Total NA N A 

681 002 0 1 bis(2-ethylhexyl)phthalate 22 UGIL 0.022 2.15 
Total 0.022 2.15 

681 002 02 bis(2-ethy1hexyl)phthalate 1 UGlL 0.001 0.10 
Total 0.001 0.10 

681 002 03 bis(2-ethy1hexyt)phthalate ND UGIL N A N A 
Total N A NA 

ND UGlL N A N A 
Total N A N A 

3 UGlL 0.003 0.29 
Total 0.003 0.29 

681 003 03 biS(2-ethylhexy1)phthalate NO UGlL N A NA 
Total N A N A 

param - gw - res risk haz 
bis(2-ethylhexy1)phthalate 0.097847358 0.0009784736 
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Table 10.6.29 
Residential-Based Remedial Goal Options Surface Soil 
AOC 68 1 Zone I 
Charleston Naval Complex 
Charleston, South Carolina 

Slope Reference 
i Factor Dose EPC 

Chemical (mgkg-day)-' (mg/kg-day) mglkg 

Benzo(a)pyrene Equivalents 7.3 NA 1.2 1 

Hazard-Based 
Remedial Goal Options 

mgikg mglkg mgtkg 

EPC exposure point concentration 
NA not applicable 
ND not determined 

- remedial goal options were based on the residential lifetime weighted average for carcinogens 
and the child resident for noncarcinogens 

Risk-Based 
Remedial Goal Options 

X E-06 1 E-05 1 E-04 
mgkg mglkg 

0.60 6.0 6 0 

Background 
Concentration 

mg/kg 

N A 



Table 10.6.30 
Residential-Based Remedial Goal Options Shallow Groundwater 
AOC 68 1 
Charleston Naval Complex 
Charleston, South Carolina 

L 

Oral Oral 
SF RfD EPC 

Chemical (mglkg-day)-' (mglkg-day) mgll 

' Hazard-Based 
Remedial Goal Options 
0.1 1 .o 3 

mgil mg/l mgll 

Risk-Based 
RemediaI Goal Options Background 

mg /I 

NOTES : 
EPC exposure point concentration 
NA not applicable 
ND not determined 

- remedial goal options were based on the residential lifetime weighted average for carcinogens 
and the child resident for noncarcinogens 



Table 10.6.3 1 
Worker-Based Remedial Goal Options Shallow Groundwater 
AOC 68 1 
Charleston Naval Complex 
Charleston, South Carolina 

NOTES: 
EPC exposure point concentration 
NA not applicable 
ND not determined 

i 
Oral Oral 
SF RfD EPC 

Chemical (mgkg-day)-' (mgkg-day mg/l 

Risk-Based 
Remedial Goal Options 
1E-06 1E-05 1E-04 

mg/l mg/l mg/l 

Hazard-Based 
Remedial Goal Options 

0.1 1 .O 3 
mg/l mgll mg/l 

Background 
MCL Concentration 
mg/l mg/l 
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10.6.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 681, COCs 

requiring further evaluation through the CMS process have been identified for surface soil and 

groundwater. The site is currently in a moderately developed urban setting and risk to human 

health was evaluated under both the future residential and future industrial (site worker) scenarios. 

For these scenarios, the incidental ingestion and dermal contact exposure pathways were 

evaluated. Hazard was evaluated for noncarcinogenic contaminants through incidental ingestion 

and dermal contact scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical c0ntributin.g to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

BEQs were identified as soil pathway COCs for AOC 681. Bis(2-Ethylhexy1)phthalate (IBEHP) 

was identified as a groundwater pathway COC for AOC 681. Table 10.6.32 presents cumulative 

and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for surface soil and groundwater are presented in Tables 10.6.29, 

10.6.30, and 10.6.3 1. Potential corrective measures for soil are presented in Table 10.6.33. 
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Table 10.6.32 
AOC 681 

Cumulative and Chemical-Specific Exposure Risks and Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residentid 

soa 

Cumulative 1.lE-6 4.6E-6 0.01 1 0.07 

Note: 
ND = Not detected 

Table 10.6.33 
AOC 681 

Potential Corrective Measures 

Groundwater BEHP a) No action 
b) Monitoring 
C )  EX-situ p~sicalichernical treatment and discharge to POW 
d) Ex-situ physicallchemical treatment and discharge through NPDES 

permitting 
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10.7 AOC 685, Former Smoke Drum Site 

AOC 685, is a former smoke drum site, located on the west side of Juneau Avenue. The facility 

was in operation from 1941 until 1953. The smoke drum area was reportedly used to bum 

classified documents and other materials, possibly paints, solvents, or waste oil. The area is now 

a grassy field with no visible evidence of the former site activities; no activities are currently 

associated with the site. Specific design features, dimensions, and operating practices of the 

smoke drum are unknown. 

Products of incomplete combustion are the materials of concern at AOC 685. Potential receptors 

include workers who perform invasive activities which bring them in direct contact with 

contaminants. 

To fulfill the CSI objectives and confirm the presence of contamination from onsite activities, soil 

and groundwater were sampled in accordance with the approved final RFI work plan and Section 3 

of this report. 

10.7.1 Soil Sampling and Analysis 

Soil was sampled in three rounds at AOC 685 from the locations shown on Figure 10.7.1, The 

final RFI work plan proposed collecting nine soil samples from the upper-interval and nine from 

the lower-interval. All nine first-round upper-interval samples were collected. No lower-interval 

soil samples were collected because the water table was encountered at less than 5 ft bgs; saturated 

samples were not submitted for analysis. First-round samples were submitted for analysis of 

organotins and the standard suite of parameters, which includes VOCs, SVOCs, metals, cyanide, 

pesticides, and PCBs at DQO Level III. One first-round duplicate sample was submitted for 

Appendix 1X parameters at DQO Level IV. 
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Second-round sampling was performed following a comparison of first-round analytical results to 

the USEPA Region III RBCs. The comparison showed that several samples had concenitrations 

exceeding the RBCs for benzo(a)pyrene, and that several metal concentrations exceeded their 

respective RBC or background concentrations. This justified the collection of six second-round 

upper-interval soil samples for analysis of SVOCs and metals. One second-round duplicate sample 

was submitted for Appendix IX parameters and TPH GRO/DRO at DQO Level N. Thircl-round 

sampling was also performed, with 21 upper- and 18 lower-interval samples taken and ailalyzed 

for metals and SVOCs analyses. Three third-round duplicate samples were analyzed for metals 

and SVOCS. The third-round lower-interval samples were collected below the groundwater table 

to help in assessing the potential for groundwater contamination. The thee rounds of soil 

sampling are summarized in Table 10.7.1. 

10.7.2 Nature and Extent of Contamination in Soil 

Organic compound analytical data for soil are summarized in Table 10.7.2. Table 10.7.3 

summarizes inorganic compound analyticaI results for soil. Table 10.7.4 summarizes all analytes 

detected in surface and subsurface soil at AOC 685. Appendix D contains a complete analytical 

data report for all samples collected in Zone I. 

Volatile Organic Compounds in Soil 

Three VOCs - acetone, Freon 113, and toluene - were detected in surface soil sarrlples at 

AOC 685 far below their respective RBCs. 



50 0 50 - 
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Table 10.7.1 
AOC 685 

Soil Sampling Summary 

Sampling b ~ l i n g  
Round Date Samples Collected Sample Analyses Comments 

I 02/22/45 Upper - 9 (9) Organoh, 
Standad Suite, Additional 
F'anuneted 

Lower - 0 (9) No lower-interval samples were 
callectad due to a water table at 
less than 5 ft bgs 

Duplicate - 1 Appendix M 

2 06/20/95 Upper - 6 Metals. SVOCs Samples collected to delineate the 
nature and extent of SVOCs and 
metals detected above RElCs 
andlor background. 

Duplicate - 1 Appendix M. TPH 
GROlDRO 

3 0313 1198 Upper - 21 Metals. SVQCs tower-mtervals samples collected 
04/01/98 below water table for use in 

h e r  - 18 Metals, SVOCs assessing gtouddwater 
contamination, 

Duplicate - 3 Metals. SVOCs 

Notes: 
( )  = Parenthesis indicate number of samples proposed in the f d  RFI work plan. 
a = Additional analysis performed on one sample on 09/07/95 included CEC, chloride, sulfur, ammonia, nitratelnitrite, 

phosphorus, TOC. and total moisture. This sample was also extracted using the TCLP and the extract was analyzed for 
VOCS. SVOCs, and metals. 

Standard Suite = VOCs, SVDCs. metals, cyanide, pesticides. and PCBs at DQO Level In. 
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Table 10.7.2 
AOC 685 

Organic Compound Analytical Results for Soit bg/Lg) 

Number of 
samples 

Exceeding 
Sample Detectton RBC (upper) RBC or 

Parameter Interval F- uen CY Detedion Rwi! e Menn SSL (lower) S L  

TricNorotrifluorocthane (Freon 113) Upper 2/10 4.0 - 15.0 9.5 230,000.aOO 0 
Lower 010 N A N A N A N A 

ToiuMe UP@f 4/10 1.0- 6.0 3.75 1,600.000 0 
Lower W O  NA NA 6.000 0 

Semivolptile Organic Cmpounds 

BEQ Upper 23136 2.92 - 3746 290 87 15 
Lower 7118 1.72 - 104 37 1.600 0 

Benzo(a)anthncene Upper 22/36 26.0 - ?,,DM 192 87Q 1 
Lower 3/18 17.0 - 51.0 36.7 800 0 

U W r  21136 33 .O - 2.700 235 87 14 
Lower 4118 35.0 - 88.0 52.8 4.000 0 

Benzo(b)tluMPntbcnc UPFr 22/36 29.0 - 3,400 32 1 870 f 
Lower 5/18 46.0 - 150 73.8 2.500 0 

Benzo(k)fluoranthene Upper 20136 26.0 - 1,400 226 8.700 0 
Lower 1118 48.0 48.0 25.000 0 

Chrysene UlWr 23136 18.0 - 2.200 207 87,000 0 
Lower 6/18 18.0 - 100 47,3 80,900 0 

Dibenz(a,h)anthracem U P F ~  1136 340 340 87 I 
Lower 0136 ND ND 800 0 

Indew 1,2,3sd)py~ne 8/36 32.0 - 1.500 254 870 1 
Lower 0118 ND ND 7,000 0 

Upper 3/36 15.0 - 34.0 24.0 310,000 0 
Lower 0118 ND ND 230.000 0 

3-Methylphenol (mcnsol) Upper 1/15 160.0 160 390,000 0 
Lower 010 ND ND 6.700 0 

4-Methylphenol (p-cresol) upper 1/36 160 160 39,000 0 
Lower 0118 ND ND 670 0 

Upper 3/36 20.0 - 160 68.0 
Lower 0118 ND ND 
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Table 10.7.2 
AOC 685 

Orgnnic Compound Analylical Results for Soil (&kg) 

Number of 
Samples 
Exceeding 

Sample Detection RBC (upper) RBC or 
Parameter Interval Frequency Detection Range Mean SSL (lower) SSL 

Anthracene Upper 6/36 19.0 - 200 62.0 2.300.000 0 
.-- Lower Of18 ND ND 5,900,000 0 

Upper 1136 61 .O 61.0 1.rn.OOo 0 
Lower 0118 ND ND 930.000 0 

Dibemofuran UWr 1136 49.0 49.0 31,000 0 
Lower 0118 ND ND 6,80Q 0 

Fluoranthene Upper 23/36 18.0 - 2.600 27 I 310.000 0 
Lower 5/18 26.0 - 220 77.2 2,100.OOO 0 

Flu~rene Upper 2136 22.0 - 80.0 51.0 310,000 0 
Lower OIL8 ND ND 280,000 0 

Naphthalene 

Pentachlorophenol UPW 1/36 45.0 45.0 5.300 0 
Lower 0118 ND ND 13 0 

Phenanthrene Upper 20f36 34.0 - 1,000 
Lower 1118 33.0 

U W ~  26136 17.0 - 2,800 
Lower 7118 25.0 - 320 

bis(2-Ethy1hexyl)phthalate Upper 9/36 57.0 - 930 25 1 46.000 0 
(BEHP) Lower 1/18 150 150 1.800,000 0 

TPH-GRO 

Gasoline U l F  111 4,8W 4.800 NA N A 
Lower 010 NA N A NA N A 

Herbicides 

2,4-D Upper I R 28.0 2 8 8  78.000 0 
Lower 010 N A N A 370 0 

Upper ~n 8.1 8.1 78.000 o 
Lower 010 N A N A 370 0 

2,4,5-TP (Silvex) U P F ~  1R 2.1 2.1 63,000 0 
Lower 010 NA NA 5.m 0 
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Table 10.7.2 
AOC 685 

Orgnnic Compound Annlykd Results for Soil ()lg/kg) 

Number of 
samples 

Exceding 
Sample Detection RBC (upper) RBC or 

Pnrnmetu Internal Fr C q c Y  uen Detection Ran B e Mean SSL Qower) SSL 

Pesticides m d  PCBs 

0 0 

U P F ~  7110 0.53 - 53.0 18.3 1.900 0 
Lower 010 N A N A 16.000 0 

Aldrin UP 1110 1.7 1.7 38 0 
tower 010 N A NA 230 0 

Chlordane Upper 1/10 54.0 54.0 1.800 0 
Lower 010 N A N A 5,000 0 

Dieldrin Upper 11lO 1.3 1.3 40 0 
Lower 010 N A  N A 2 0 

Endosulfan I UPFr 5/10 0.35 - 8.3 3.1 47.000 0 
Lower 010 N A N A 9.000 0 

Endosulfan Sulfate UWT 1110 0.36 0.36 47.000 0 
Lower 010 NA N A 4,600 0 

Endrin Upper ill0 1.2 1.2 2.300 0 
Lower 010 N A N A 500 0 

Endrin Aldehyde U W r  8/10 1.4 - 8.9 3.7 2,300 0 
Lower 010 NA N A 340 0 

HeptacNor epoxide Upper 5/10 2.6 - 49.0 15.1 70 0 
Lower 010 N A N A 330 0 

M e ~ x y ~ o r  u ~ ~ e t  3/10 1.9 - 5.0 3.9 39.000 0 
Lower 010 N A NA 80,000 0 

Upper 1110 0.41 0.41 350 0 
Lower 010 N A N A 1.8 0 

gamma-BHC upper 1/10 1.4 1.4 490 0 
Lower 010 NA N A 4.5 0 
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Table 10.7.2 
AOC 685 

Organic Compound Analytical Renrltr for Soil (&kg) 

Number of 
Samples 

Exceeding 
Sample Detection RBC (upper) RBC or 

Parameter Intend Frequency Detection Range Mean SSL (lower) SSL 

1,2.3,4.6,7,8-HpCDD Upper 212 5.35E-3 - 2.04E-2 1.29E-2 0.43 0 
Lower 010 N A N A 108 0 

1,2,3+4,6,7,8-HpCDF Upper 212 8.78E4 4.75E-3 2.82B-3 0.43 0 
Lower 010 N A NA 54 0 

Upper 1 12 9.5884 9.58E-04 0.043 0 
Lower 010 N A N A 216 0 

OCDF Upper 212 1.27E-3 - 7.748-3 4.50E-3 4.3 0 
Lower 010 N A N A 540 0 

Nates: 
pg/kg = micrograms per kilograms 
NA = Not ApplicablelNot AvailablelNot Analyzed 
ND = Not Detected 
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Semivolatile Organic Compounds in Soil 

Twenty-two SVOCs were detected in surface soils at AOC 685. Five PAHs were detected above 

their respective RBCs. Four PAHs exceeded their respective RBCs in only one sample 

(685SB02501): benzo(a)anthracene (2,000 pglkg), benzo(b)fluoranthene (3,400 pg/kg), 

dibenz(a,h)anthracene (340 pg/kg), and indeno(l,2,3cd)pyrene (1,500 pgfkg). Benzo(a)pyrene 

exceeded its RBC in 21 of 36 surface soil samples, with a maximum detection of 2,700 pglkg in 

sample 685SB02501. Ten of the 22 SVOCs detected in surface soils were also detected in 

subsurface soils. None exceeded their respective RBCs. 

In accordance with recent cPAH guidance and Section 7 of this report, BEQs were calculated for 

samples at AOC 685. BEQs were detected in 22 of 36 surface soil samples and detections ranged 

from 2.92 pg/kg to 3,746 pglkg . Concentrations in 15 surface soil samples exceeded the RBC 

of 87 pglkg, with the highest detection occurring in sample 685SB02501. BEQs were detected 

in seven of 18 subsurface soil samples; concentrations ranged from 1.72 pglkg to 104 pg/kg, 

below the SSL of 1,600 pglkg . 

Pesticides and PCBs in Soil 

Fourteen pesticides and three herbicides were detected in surface soil samples. Each detection was 

far below the respective RBC. 

Other Organic Compounds in Soil 

In accordance with recent dioxin guidance and Section 7 of this report, TEQs were calculated for 

samples from AOC 685. Of the two samples collected for dioxins, neither was above its MC. 

Gasoline was detected at 4,800 pg/kg in the duplicate sample 685SB01501. 
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Inorganics in Soil 

Twenty-three metals were detected in surface soil samples at AOC 685. Seven metals - antimony, 

arsenic, chromium, copper, lead, manganese, and thallium - were detected at concentrations 

exceeding their respective RBCs and background levels. Antimony concentrations exceeded the 

screening criteria in samples 685SB00201 (6.1 mglkg), 685SB00901 (21.4 mglkg) and 

683SB03001 (3.2 mglkg). Arsenic was detected in one sample, (685SB02901) at a concentration 

of 30.3 mglkg. Twenty-three detections of chromium exceeded the screening criteria, with a 

maximum concentration of 83.5 mglkg in 685SB01201. Copper was detected above the screening 

criteria in samples 685SB00501 (464 mglkg), 685SBOO801 (494 mglkg), 685SB00901 (483 

mglkg), and 685SB02401 (356 mglkg). Four samples contained Iead above the screening levels: 

685SB008Ol (459 mglkg), 685SB00901 (949 mglkg), 685SB02401 (602 mglkg), and 685SB030 

(1,110 mglkg). Manganese concentrations that exceeded the RBC and background ranged from 

440 mg/kg to 1,920 mglkg, with a maximum concentration in sample 685SB03 101. Thallium was 

detected in only one sample, 685SB00101 (0.71 mglkg), which exceeded its RBC. 

Twenty-one of the 23 metals detected in surface soils were also detected in subsurface soils. Only 

three - arsenic, chromium, and manganese - were detected above their respective SSLs and 

background levels. Thirteen subsurface samples had arsenic concentrations above the screening 

criteria, with a maximum concentration of 30.6 mglkg in sample 685SB03302. Chromium 

exceeded the screening levels in 13 subsurface soil samples, ranging from 51.5 mglkg 

(685SB02202) to 85.7 mg/kg (685SB01702). Five subsurface samples had manganese 

concentrations exceeding its SSL and background; the maximum concentration was detected in 

sample 685SB03302 (3,460 mglkg). 

10.7.3 Groundwater Sampling and Analysis 

No monitoring wells were installed to characterize groundwater at AOC 685. In accordance with 

the final RFI work plan, a grid-based monitoring well pair, GDIOlO and GDIlOD, was installed 



Zone I RCRA Faciliry Investigation Repon 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluarions 

and sampled to characterize the zone perimeter groundwater (see Figure 10.7.1). The well pair 

is located adjacent to AOC 685. The shallow well, GDIO10, was installed at 12.5 ft bgs in the 

upper sand layer of the Wando Formation. The deep well, GDIIOD, was installed at 37 feet bgs 

at the base of the lower sand in the Wando. All wells were installed in accordance with Section 3 

of this report. 

Both wells were sampled during four events, and samples were analyzed for the standard suite of 

parameters (VOCs, SVOCs, metals, cyanide, pesticides, and PCBs) and TDS, chloride, sulfates, 

and organotins at DQO Level 111. Appendix D contains the complete analytical data report for 

grid wells sampled as part of the Zone I investigation. 

10.7.4 Nature and Extent of Groundwater Contamination 

Volatile Organic Carbons in Groundwater 

Two VOCs were detected in shallow groundwater. Acetone was detected in the third-round 

sample from well GDIO10 at a concentration of 4,800 pg/L, which exceeded its tap-water RBC. 

2-Butanone was detected in the second-round sample from GDIO10 at a concentration of 3.0 p g / L .  

No other VOCs were detected in shaIlow or deep groundwater above the respective RBCs or 

MCLs. 

Semivolatile Organic Carbons in Groundwater 

No SVOCs were detected in shallow or deep groundwater at levels that exceeded the screening 

criteria. 

Pesticides and PCBs in Groundwater 

Four pesticides - dieldrin, 4,4'-DDE, 4,4'-DDT, and endrin aldehyde - were detected in the 

first-round shallow groundwater sample at concentrations that exceeded their respective RBCs or 

MCLs. No other pesticides or PCBs were detected in shallow or deep groundwater samples. 
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Other Organics in Groundwater 

No dioxins, furans, or organotins were detected at levels above their respective screening criteria 

in shallow or deep groundwater samples. 

Inorganics in Groundwater 

Fifteen metals were detected in shallow groundwater samples. None exceeded the respective 

screening criteria. Three metals - lead, manganese, and thallium - were detected in deep 

groundwater samples above the screening criteria. Lead was detected in the first-round sample 

at a concentration of 26.2 ,ug/L. It was not detected in subsequent deep samples. Manganese was 

detected in the third round at a concentration of 690 ,ug/L. Thallium was detected in samples from 

the second (8.6 pg/L) and fourth-rounds(3.1 ,ug/L). 

10.7.5 Fate and Transport Assessment 

AOC 685, the former smoke drum site, was in operation from 1941 until 1953. The area was 

reportedly used to burn documents and other unknown materials, Currently, this area is a grassy 

field with no visible evidence of the former smoke drum activities. Products of incomplete 

combustion are the materials of concern. Environmental media sampled as part of this 

investigation were surface and subsurface soil. Potential constituent migration pathways evaluated 

include soil-to-groundwater and emission of volatiles from surface soil-to-air. 

10.7.5.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.7.5 and 10.7.6 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in surface and subsurface soils to risk-based soil screening levels 

considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. The generic SSLs are used to provide a conservative screen 

leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation of 
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constituents in soil (DM= 10). Soil background values for inorganics in Zone I were determined, 

but at the request of SCDHEC were not considered during initial comparisons of maximum soil 

concentrations with SSLs. 

Four organic constituents - benzo(a)pyrene equivalents, benzo(a)anthracene , benzo(b)flouranthene , 

and pentachlorophenol - were present in surface soii at concentrations above their SSLs. All were 

below their SSLs in subsurface soil; however, some subsurface locations were not sampled due 

to a high water table. BEQs were detected in 23 of 36 surface soil samples. There were no 

discernable spatial trends in BEQ concentrations, as shown in Figure 10.7.2. Benzo(a)anthracene 

was detected in 22 of 36 surface soil samples, with only one SSL exceedance 685SB02501. 

Again, there were no remarkable spatial trends, as shown in Figure 10.7.3. Benzo(b)flouranthene 

detections were identical to those for benzo(a)anthracene. Figure 10.7.4 presents 

benzo(b)flouranthene concentrations detected at AOC 685. Pentachlorophenol was detected in 

only one of 36 surface soil samples; there was no subsurface sample collected from the detection 

location. Figure 10.7.5 presents the pentachlorophenol concentration detected at AOC 685. 

The presence of these semivolatiles is entirely consistent with past site activities; they are routinely 

detected as residual components from incomplete combustion. The relatively widespread 

occurrence of all but pentachlorophenol indicates a significant mass, but concentrations above 

SSLs are limited to the general area near 685SB025. The limited detection of pentachlorophenol 

suggests a small residual mass. All organic exceedances were detected immediately adjacent to 

groundwater, and therefore the pathway is considered valid. 

Six inorganic parameters - antimony, arsenic, chromium, lead, manganese, and thallium - were 

detected at concentrations above their respective SSLs. Antimony was detected in nine of 

36 surface soil samples, with exceedances at 685SB00202 and 685SB00901. Figure 10.7.6 

presents antimony concentrations detected at AOC 685. Arsenic was widely detected, with six 
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surface soil samples exceeding the SSL but only one above background. Most of these 

exceedances were repeated in the subsurface, with 13 samples exceeding background and 

17 exceeding the SSL. Figure 10.7.7 presents arsenic concentrations detected. 

Chromium was also widely detected, with 35 samples exceeding the SSL and 25 exceeding 

background in the surface soil. Most of these were repeated in the subsurface, with 17 exceeding 

the SSL and 13 above background. Figure 10.7.8 presents chromium concentrations detected. 

Lead was detected in all soil samples. In the surface, four exceeded background and the SSL; in 

the subsurface, none exceeded the SSL but 17 exceeded background. Lead concentrations are 

shown on Figure 10.7.9. Manganese was widely detected, with 16 samples above background and 

14 exceeding the SSL in surface soil. In the subsurface, 16 samples were above background, and 

five exceeded the SSL, Figure 10.7.10 presents manganese concentrations detected. Thallium was 

detected in only one of 36 surface soil samples, at a concentration above both background and the 

SSL. The subsurface at this location was not sampled. Figure 10.7.11 presents thallium 

concentrations detected at AOC 685. 

The detected inorganics can be "grouped" relative to their distribution at the site. Antimony and 

thallium have been detected sporadically in Zone I soil, and their presence does not necessarily 

indicate site contamination. The limited detections at AOC 685 clearly suggest a small mass, but 

the vertical distribution of data indicates that the soil-to-groundwater pathway is valid. Arsenic 

and chromium are widespread in Zone I soil; the concentrations at this AOC are notably higher 

than background. Past site activities would not be expected to produce arsenic and chromium as 

residual contaminants. Their widespread presence and relatively high concentrations indicate the 

pathway is valid for them. 

Lead is not a common consriruent in zone-wide soil. The lead at AOC 685 could be a residual 

from burning of materials with leaded fuel. There is a significant mass in soil above background 
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with higher concentrations in surface soil, characteristics which suggest a mechanism such as 

burning which produces even distribution. The presence of lead in the subsurface indicates the 

soil-to-groundwater pathway is valid, but the absence of SSL exceedances may limit the 

significance. 

Manganese is a common parameter in Zone I soil. The spatial distribution of manganese at 

AOC 685 is notable in that the highest surface concentrations are along a north-south trend 

(consistent with the boundary of the site along the Cooper River) on the far west extent of soil 

borings. The trend in subsurface soil is similar, except that the highest concentrations are located 

immediately east of those in surface soil. This distribution may be related to a) past site activities 

(unlikely based on site history; b) placement of fill along the shore of the Cooper River; and/or 

c) a diagenetic geochemical effect associated with tidal fluctuations along the Cooper River 

interacting with near onshore lithologies. The presence of manganese in subsurface soil at levels 

exceeding the SSL and background indicates, however, that the soil-to-groundwater pathway has 

merit. 

10.7.5.2 Soil-to-Air Cross-Media Transport 

No VOCs were detected in surface soil above appropriate volatilization SSLs at this site, so this 

pathway is considered invalid. 

10.7.5.3 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Four organic constituents - benzo(a)pyrene equivalents, benzo(a)anthracene, benzo(b)flouranthene, 

and pentachlorophenol - are present at levels exceeding their respective SSLs. 

All organics but pentachlorophenol were widely distributed, but concentrations exceeded 

SSLs only in the area near 685SB02501. Subsurface soil was not sampled at this location. 
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Pentachlorophenol was detected in only one surface sample (685SB014). Subsurface soil 1 

was not sampled at this location. 2 

The presence of these semivolatiles is entirely consistent with past site activities. There 

is limited residual mass above SSLs, and, due to a high water table, these exceedances are 

considered to be immediately above groundwater. Thus, the soil-to-groundwater pathway 

is valid for these constituents. 

Six inorganic parameters - antimony, arsenic, chromium, lead, manganese, and thallium - are 

present at levels exceeding their respective SSLs. 

Antimony and thallium have been detected sporadically in Zone I soil, and do not necessarily 

indicate site contamination. Limited detections suggest a small mass, but the vertical 

distribution indicates that the pathway is valid. 

Arsenic and chromium are common constituents in Zone I soil, but the concentrations detected 

at this AOC tend to be higher than those normally encountered, a fact that is unexpected given 

the past site activities. Their widespread occurrence and relatively high concentrations indicate 

that the soil-to-groundwater pathway is valid for them. 

Although widely detected at this AOC, lead is not common in Zone I soil. It may be present 

as a result of leaded fuel use in past burning operations at this facility. There is a significant 

mass in soil, but the lack of lead above SSLs in subsurface soil diminishes the significance of 

the pathway. 

Manganese is a common constituent in Zone I soil. At this AOC, the trend of manganese is 

remarkable: the highest concentrations in surface soil are immediately to the west of the site 
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and trend north-south consistent with the trend of the adjacent Cooper River. The highest 

concentrations in the subsurface are immediately east of those in the surface soil. These trends 

are likely due to the position of native and/or non-native lithologies on the site rather than site 

activities, but the presence of manganese in subsurface soil at levels above the SSL and 

background certainly indicate that the pathway has merit. 

Soil-to-Air Pathway 

No VOCs were detected above volatilization screening values, so the pathway is considered invalid 

for this AOC. 

10.7.6 Human Health Risk Assessment 

10.7.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 685 was the assessment of soil and groundwater 

potentially affected by past site activities. AOC 685 is a former smoke drum site, reportedly used 

for the incineration of documents and other waste materials. Currently, this area is a grassy field 

with no visible evidence of the former smoke drum activities. 

Soil was sampled in three rounds at AOC 685 from the locations shown on Figure 10.7.1. All 

nine first-round upper-interval samples were collected. No lower-interval soil samples were 

collected because the water table was encountered at less than 5 feet bgs; saturated samples were 

not submitted for analysis. First-round samples were submitted for analysis of organotins and the 

standard suite of parameters which includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

at DQO Level III. One first-round duplicate sample was submitted for Appendix IX parameters 

at DQO Level IV. Second-round sampling was performed following a comparison of first-round 

analytical results to the USEPA Region III RBCs. Six second-round samples were collected to 

delineate the nature and extent of SVOCs and metals. One second round sample was duplicated 

and submitted for Appendix IX parameters and TPH GROIDRO at DQO Level IV. Third round 
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sampling was also performed with 21 upper and 18 lower samples taken and analyzed for metals 

and SVOCs analyses. Three third sound samples were duplicated and submitted for metals and 

SVOC analysis. 

No groundwater sampling was performed in-conjunction with the AOC 685 RFI. 

10.7.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.7.7, the following COPCs were identified: benzo(a)pyrene equivalents, aluminum, 

antimony, arsenic, chromium, copper, lead, manganese, and thallium. Vanadium was identified 

as a COPC based on the results of Wilcoxon rank sum test analyses. 

10,7.6.3 Exposure Assessment 

Exposure Setting 

AOC 685 is a former smoke drum site. No base operations are currently conducted at AOC 685. 

This area is slated to be maintained as an undeveloped open buffer area, according to current base 

reuse plans. Groundwater is not currently used the future as potable or process water, nor is such 

use anticipated in the future. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. The future site resident scenario was built on the 

premise that existing features would be removed and replaced with dwellings. The resident child 

scenario was considered to be conservatively representative of the adolescent trespasser. 
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The future site worker scenario assumed continuous exposure to surface soil. Exposure for 

current site workers would be less than this because there is currently limited soil contact. 

Therefore, the future worker scenario is considered to be conservatively representative of current 

site worker exposure. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for future site workers are the same. In 

addition, the future site worker scenario assumed continuous exposure to surface soils. Uniform 

exposure was assumed for all sample locations. Table 10.7.8 presents the justification for 

assessing particular exposure pathways in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs were calculated for data sets consisting of at least 

10 samples. UCLs were calculated for surface soil COPCs at AOC 685, as summarized in 

Table 10.7.9. The UCLs were applied as the EPCs for benzo(a)pyrene equivalents, aluminum, 

antimony, arsenic, chromium, copper, lead, manganese, thallium, and vanadium, 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.7.10 and 10.7.11, 

respectively. 
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Table 10.7.8 
AOC 685 

Expasure Pnthways Summiuy 

Potentidy Exposed Medium and Pnthway Selected 
Population Exposure Pathway for Evalua~oa? Reason for Selection or Exclusion 

Current Laud Uses 

Current Users Air. inMalion af gaseous No Fate and transport screening did not identify 
(Site Workers) con tmhmts emanating any COPCs far this ildirect expowre 

from soil P ~ ~ U Y -  

Air, Inhalation of chemicals No This exposure pathway was considered 
entrained in fugitive dust insignificant compared to the other pathways. 

Shallow groundwater. 
Inhalation of volatilized 
groundwater contaminants 

No Shallow groundwater is not currently used as a 
source of potable or non-residential water at 
AOC 685. 

Soil, lncidentai ingestion No (Qualified) Future site use is considered conservativelly 
representative of c u m  receptors. 

Soil. Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current receptors. 

Future Site Air. Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult), Future from soil 
Site Worker 

No Fate and transport screening did not identify 
any COPCs for this indirect exposure 
pathway. 

Air, Inhalation af chemicak No This expasure pathway was comidcred 
entrained in iigitive dust insignificant compared to the other pathways. 

Shallow groundwater. 
Ingest~on of contaminants 
dur~ng potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants d u ~ g  
domestic use 

Soil, Incidental ingestion 

No Fate and transport screening did not identify 
any COPCs for this indirect exposure 
pathway. 

No Fate and transport screening did not identify 
any COPCs for this indirect exposure 
pathway. 

Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Soil, Dennal contact Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contaminatian 

No Huntingltaking of game andlor raising 
livestock is prohibited within the Charleston, 
South Carolina city limits. 

Fruits aad vegetables. No The potentla1 for significant exposure via this 
Ingestion of plant tissues pathway is low relative to that of other 
wown in media exposure pathways assessed. 
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10.7.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.7.12 

presents toxicological information specific to each COPC identified at AOC 685. This information 

was used in the quantification of risWhazard associated with soil contaminants. Brief toxicological 

profiles for each COPC are provided in the following paragraphs. 

Aluminum is one of the most abundant metals in the earth's crust and it is ubiquitous in air, water, 

and soil. This metal is water-soluble, silvery, and ductile, which suggests its usefulness in many 

processes. Ingesting aluminum can affect the absorption of other elements within the 

gastrointestinal tract and can alter intestinal function. Aluminum can interfere with the absorption 

of essential nutrients and cholesterol. Another effect on the gastrointestinal system is the 

inhibition of acetylcholine-induced contractions, which are part of the neuro-muscular system 

controlling bowel muscles. (The effect could explain why aluminum-containing antacids often 

produce constipation and indicates that aluminum could affect the uptake of other chemicals.) 

Aluminum dust is moderately flammable and explosive in heat. Inhaling this dust can cause 

fibrosis (aluminosis) (Klaasen, et al., 1986; Dreisbach, et a]., 1987). No data are available on an 

applicable SF or the USEPA cancer group. The USEPA Region IV Office of Health Assessment 

has suggested using the provisional oral RfD of 1.0 mglkg-day . The aesthetic-based secondary 

MCL (SMCL) for drinking water is 50 to 200 pglL. 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Another target is the blood, where antimony concentrates. Due to frequent industrial use, the 

primary exposure route for antimony to the general population is ingestion. Antimony is also a 

common air pollutant from industrial emissions. USEPA has not classified antimony as a 

carcinogen, and the oral RfD is 0.0004 mglkg-day (Klaasen, et al., 1986). The oral RfD is based 

on a LOAEL of 0.35 mglkg-day, an uncertainty factor of 1,000, and a modifying factor of 1 

(IRIS, 1995). 
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Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et al., 1986). USEPA set 0.3 pg/kg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pgtkg-day in a human exposure study. The effects of arsenic on the 

nervous and cardiovascuIar systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, who established the 1.5 (mglkg-day)-' SF. As listed in IRIS, the basis -for the 

classification is sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation, Also, increased 

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 

arsenic. Human milk contains about 3 pg/L arsenic. The tap-water RBC for arsenic is 

0.045 pglL. As listed in IRIS, the critical effects of this chemical are hyperpigmentation, 

keratosis, and possible vascular complications. The uncertainty factor was determined to be 3 and 

the modifying factor was determined to be 1. 

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)mthracene 

Benzo(a)pyrene 

Benzo(b) fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3 -cd)pyrene 

TEF 0.1 

TEF 1.0 

TEF 0.1 

TEE: 0.01 

TEF 0.001 

TEF 1.0 

TEF 0.1 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the listed 

PAHs have not been well established, and there are no RfDs for these PAHs due to a lack of data. 

All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity is 

addressed relative to that of benzo(a)pyrene, which has an oral SF of 7.3 (mglkg-day)-'. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been so classified due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g . , coal tar, 

soot, or cigarette smoke). As listed in IRIS, human data that specifically link benzo(a)pyrene to 

a carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section provides information on the aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 

presented as the risk per mgtkg-day. The unit risk is the quantitative estimate in terms of either 

risk per pglL drinking water or risk per i,~g/rn~ air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity, 



Zone I RCRR Facility Investigation Repon 
Charleston Naval Complex 
Section 10 - Site-Specific Evaluanuanon.s 
Revision: 0 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data fiom animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in INS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 

Chromium exists in two stable, natural forms: CrIII and hexavalent CrVI. Acute exposure to 

chromium can result in kidney damage following oral exposure, or damage to the nasal mucosa 

and septum following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in 

kidney and respiratory tract damage, as well as excess lung cancer in both animals and humans 

following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). 

Oral RfD values for CrIII and CrVI are 1.0 and 5E-03 (mglkg-day), respectively. For Cr'VI, the 

RfD is based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 

inhalation exposures, and an inhalation SF of 41 (mglkg-day)" has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS, no critical effects were observed for CrIII. The uncertainty factor was 100 and the 

modifying factor was 10. As listed in IRIS, no critical effects were observed for CrVI. The 

uncertainty factor was 500 and the modifying factor was 1. 
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Copper is a nutritionally essential element, necessary for many of the body's enzymes. In the 

past, lead pipes and solder were used for residential water pipes, and resulting lead concentrations 

in drinking water exceeded USEPA guidelines. Copper has been used to replace water pipes in 

residences since it is less toxic to man. Short-term exposure to copper can result in anemia (the 

lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The target organs 

for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper uptake from the 

gut, and other substances can also influence copper uptake. Copper fumes can cause metal fume 

fever (Klaasen, et al., 1986). As listed in IRIS, the D classification is based on no human data, 

inadequate animal data from assays of copper compounds, and equivocal mutagenicity data. The 

USEPA RfD is 0.0371 rngtkgday, which is 2.6 mgiday for the average adult (weighing 70 kg). 

In typical vitamin supplements, 2 mg/day is the typical dose (NRC, 1989). 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or 

SF has been set by USEPA. However, an action level for soil protective of child residents, 

400 mglkg, has been proposed by USEPA Region IV. USEPAys OSWER has recommended a 

1,000 mgikg cleanup standard for industrial properties. USEPA's Office of Water has established 

a treatment action level of 15 pg/L. As listed in IRIS, the classification is based on sufficient 

animal evidence. Ten rat bioassays and one mouse assay have shown statistically significant 

increases in renal tumors with dietary and subcutaneous exposure to several soluble lead salts. 

Animal assays provide reproducible results in several laboratories, in multiple rat strains with 

some evidence of multiple tumor sites. Short-term studies show that lead affects gene expression. 

Human evidence is inadequate. 

An RfD and SF have not been set because of the confounding nature of lead toxicity. Lead can 

accumulate in bone marrow, and effects have been observed in the CNS, blood, and mental 

development of children. RfDs are based on the assumption that a threshold must be exceeded to 

result in toxic effects (other than carcinogenicity). Once lead accumulates in the body, other 

influences cause the actual levels in the blood to fluctuate; sometimes the lead is attached to 
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binding sites; sometimes lead is free flowing. If an exposed individual has previously been 

exposed to lead, the individual could lose weight and free fat-bound lead. This fluctuation and 

lack of previous lead exposure data are two of the reasons lead effects are difficult to predict 

(Klaasen, et al, , 1986). 

Manganese is an essentiaI nutrient, but chronic exposure (0.8 mglkg-day) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986; 

Dreisbach et al., 1987). USEPA determined the RfD to be 0.14 mgtkgday based on dietary 

uptake. USEPA recommended using a modifying factor of 3 when estimating intake from water. 

In addition, the body absorbs roughly twice as much manganese in water as it does manganese in 

food. Because of the different uptake rates in water and food, two RfDs were used in this HHRA 

- one for water and one for food. The RfDs used are 0.047 and 0.023 mg/kgday , respectively. 

Inhalation of manganese dust causes neurological effects and increased incidence of pneumonia. 

An inhalation RfD was set to 1.43E-05 rng/kgday. According to USEPA, manganese cannot be 

classified as to its carcinogenicity. Therefore, its cancer class is group D. As listed in IRIS, this 

classification is based on studies that are inadequate to assess the carcinogenicity of manganese. 

Manganese is considered essential to human health; the typical vitamin supplement dose is 

2.5 rng/day. As listed in IRIS, the critical effects of this chemical in water in the oral summary 

are CNS effects. The uncertainty factor was 1 and the recommended modifying factor of 3 was 

used to estimate soil and groundwater intake. As listed in IRIS, the critical effect of manganese 

in the inhalation summary is neuro-behavioraI impairment. For inhalation uptake, the uncertainty 

factor was 1,000 and the modifying factor was 1. The IRIS RfC is 5E-05 mg/m3. 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, uses now prohibited. This element remains in the body for 

a relatively long time and could accumulate if the chronic dose is large. USEPA's oral RfD for 
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thallium is 8E-05 mgtkg-day (Klaasen, et al., 1986; Dreisbach, et al., 1987). The uncertainty 

factor used for thallium is 3,000. 

Vanadium is not readily absorbed through the skin or via oral ingestion, and is a ubiquitous 

element. It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils 

(Klaasen et al., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ 

is unclear, and the primary focus of toxicological information is inhalation of vanadium dust, 

Vitamin supplements contain approximately 0,010 mg in a daily dose. The oral RfD set by 

USEPA is 0.007 mglkg-day. The uncertainty factor used for vanadium is 100. 

10.7.6.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil was evaluated under both future residential and industrial (site worker) 

scenarios. For each scenario, the incidental ingestion and dermal contact exposure pathways were 

evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposures. Tables 10.7.13 and 10.7.14 present 

the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 

AOC 685 is a weed-covered lot with some exposed soil. Because there are no current operations 

at this site, base persome1 do not have fiequent opportunity for exposure. Should site use remain 

the same in the future, the risWhazard projections discussed below would be gross overestimates. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for AOC 685 surface 

soils is 4E-5, and the dermal pathway ILCR is 7E-6. The computed hazard indices for the adult 

and child resident were 0.1 and 1, respectively, for the soil ingestion pathway. The dermal 
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contact pathway hazard indices were 0.03 and 0.1 for the adult resident and the child resident, 

respectively. Arsenic was the primary contributor to risk projections, with benzo(a)pyrene 

equivalents contributing to a lesser extent. Aluminum, arsenic, and chromium were the principal 

contributors to hazard index projections. 

Future Site Workers 

Site worker ILCRs are 4E-6 and 3E-6 for the ingestion and dermal contact pathways, respectively. 

The hazard indices for both pathways were less than 0.1. Arsenic was the primary contributor to 

ILCR, with benzo(a)pyrene equivalents contributing to a lesser extent. 

Lead Toxicity 

At AOC 685, four surface soil samples were found to contain lead at concentrations exceeding the 

residential cleanup goal of 400 mglkg. These samples were 685SB008 (459 mglkg), 68SSB009 

(949 mglkg), 685SB024 (602 mglkg), and 685SB030 (1,110 mglkg). The mean lead concentration 

at AOC 685 is 179 mglkg. Because the mean falls below the residential cleanup goal, chronic 

exposures are not expected to pose a significant health threat. 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative hazard 

index above 1 .O, and whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

For carcinogens, this approach is relatively conservative, since a cumulative risk level of 1E-04 

(and individual ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The specified COC selection algorithm was used in order to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard 
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during the development of remedial goal options. Table 10.7.15 summarizes the COCs identified 

for AOC 685. 

Surface Soils 

Hypothetical Side Residents (future land use) 

Benzo(a)pyrene equivalents and arsenic were identified as COCs based on their contribution to the 

cumulative ILCR projections. Aluminum, arsenic, and chromium were identified based on 

contribution to hazard indices. 

Future Site Workers (current land use) 

Benzo(a)pyrene equivalents and arsenic were identified as soil pathway COCs based on their 

contributions to cumulative ILCR projections. 

The extent of the COCs identified in surface soil is discussed briefly below. To facilitate 

evaluation of the extent of COC concentrations, a comparison was made to the background 

concentrations. Arsenic was detected in one sample above its background concentration. 

Aluminum was detected in three samples above its background concentration. Chromium was 

detected in 26 samples above its background concentration. Overall onsite arsenic, aluminum, and 

chromium values were significantly higher than background, as determined by Wilcoxon rank sum 

test analysis. These elements were detected in all 36 surface soil samples. Benzo(a)pyrene 

equivalents were detected in 23 of 36 surface soil samples. The residential R3C was exceeded in 

15 of 36 samples, and exceedances were widely distributed across the site. 

10.7.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias in exposure assessment is introduced through exposure setting and 

pathway selection due to the highly conservative assumptions (i.e., future residential use) 
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recommended by USEPA Region IV. The exposure assumptions made in the future site worker 

scenario are highly conservative and would tend to overestimate exposure. AOC 685 is vegetated 

with weeds and wild grasses with some exposed soil areas. AOC 685 is located away from most 

operations and facilities, and CNC personnel and site workers would not be expected to visit the 

site frequently. 

Residential use of the site is not expected or likely, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued nonresidential use of Zone I, and 

AOC 685 is slated to be maintained as an undeveloped open buffer area. If this area were to be 

used as a residential site, surface soil conditions would likely change. For example, the soils 

would be covered with landscaping soil and/or a house. Compared to other sites, however, the 

amount of required regrading and filling would be minimal at AOC 685. Consequently, exposure 

to current surface soil conditions is possible under a future residential scenario. The affected 

surface soil would likely account for a fraction of the total potential exposure area. As a result, 

chronic exposure to identified COCs at the EPC is doubtful. These factors indicate that exposure 

pathways assessed in this HHRA generally overestimate the risk and hazard posed to current site 

workers and future site residents. 

Determinatian of Exposure Point Concentrations 

The exposure point concentration was set equal to the 95% UCL. This is a conservative 

assumption since it is unlikely that the 95% UCL is exceeded by the true mean concentration. 

Frequency of Detection and Spatial Distribution 

Arsenic, aluminum, and chromium were detected above corresponding background concentrations. 

The overall arsenic, aluminum, and chromium data values were statistically higher than 

background as determined by Wilcoxon rank sum test analysis. These were detected in all 36 of 
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the surface soil samples collected. The UCL values applied as EPCs for these chemicals, except 

chromium, were well below the corresponding background concentrations. 

Benzo(a)pyrene equivalents were detected in 23 of 36 surface soil samples. The residential RBC 

was exceeded in 15 samples, and the exceedances were widely distributed across the site. 

Four of 36 surface soil samples had lead concentrations in excess of 400 mgikg (685SB008, 

685SB009, 685SB024, and 685SB030). These samples were collected in the approximate center 

of the area of investigation. The mean lead concentration was calculated to be 179 mgtkg, which 

is well below the residential cleanup goal. 

Quantification of RiskfHazard 

Many site-specific factors affect the uncertainty of this assessment and cause upward bias in the 

risk and hazard estimates. Exposure pathway-specific sources of uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to its corresponding RBC (idea, within approximately 10% of the RBC). This 

minimizes the likelihood of potentially significant cumulative risWhazard based on the eliminated 

CPSSs. Vanadium exceeded its RBC, but did not exceed its background concentration. Wilcoxon 

rank sum test analysis, however, indicated that the overall concentration of this element in 

AOC 685 surface soil was significantly higher than background. As a result, it was retained for 

formal assessment. 

Although the future land use at this site is unknown, both the future worker and residential 

exposure scenarios were assessed in this HHRA. As previously discussed, these scenarios would 

likely lead to overestimates of risk and/or hazard. 
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Central tendency analysis was not formally performed for AOC 685 surface soil, but a simplified 

approach was taken to assess the potential influences of CT assumptions, The CT assumption for 

residential exposure duration is nine years compared, to the 30 year assumption for RME. The 

CT exposure frequency assumption is 234 dayslyear, compared to 350 daysiyear RME. If all 

other exposure assumptions remain fmed, application of the CT exposure duration and frequency 

would result in risk projections 80% below the RME. At CT, the residential surface soil pathway- 

related risk (incidental ingestion and dermal contact) would drop from 5E-05 to 1E-05. However, 

this is still above the 1E-06 point of departure. The cumulative hazard index for ingestion and 

dermal contact pathways would fall below unity under CT assumptions. 

Chromium exists predominantly in two valence states, in a natural balance between hexavalent 

chromium and trivalent chromium. Due to the past activities at AOC 685 (incineration of waste 

materials), conservative assumptions with regard to chromium exposure are warranted. Therefore, 

all chromium data were assumed to be in the more toxic, hexavalent chromium valence state. 

Hexavalent chromium was not analyzed for in AOC 685 soil. The RfD for chromium VI is 

0.005 mglkg-day as opposed to 1 mglkg-day for chromium 111. In general, once chromium is 

released into the environment, it is mostly transformed into its more stable chromium III valence. 

As a result, HIS based on exposures to chromium in AOC 685 surface soil are considered 

overestimates. 

10.7.6.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 685 were assessed for the hypothetical future 

site worker and future site resident under reasonable maximum exposure assumptions. This 

HHRA assessed the incidental ingestion and dermal contact pathways -for surface soils. 

Table 10.7.16 presents the risk summary for each pathwaylreceptor group evaluated for AOC 685. 
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Soil - Residential Scenario 

The residential soil pathway COCs identified for AOC 685 are benzo(a)pyrene equivalents, 

aluminum, arsenic, and chromium. Figures 10.7.12 and 10.7.13 show point risk and hazard 

estimates for AOC 685 based on surface soil exposure pathways under a future residential 

scenario. Table 10.7.17 summarizes the risk and hazard contribution of each COPC at each 

sample iocation. 

The point risk map is based on the unlikely assumption that a future site resident will be 

chronically exposed to specific points. Exposure to surface soil conditions would more likely be 

the result of uniform exposure to the soil conditions of the entire site (or exposure unit area) rather 

than specific points. Given this, the risk maps and summary tables are useful to illustrate the 

spatial distribution of the chemicals driving risk estimates. 

All sample locations yielded ILCRs that were greater than 1E-06. Arsenic was the primary 

contributor to risk, and benzo(a)pyrene equivalents were the secondary contributors. Risk 

estimates at AOC 685 ranged from 2E-05 (685SB019) to 9E-05 (685SB025), with a mean risk 

estimate of 3E-05. 

Aluminum, arsenic, and chromium were primary contributors to hazard estimates at locations that 

yielded a hazard index above unity. Antimony was secondary contributor. Hazard index estimates 

ranged from 0.5 (685SB019) to 2.5 (685SB029), with a mean hazard estimate of 1.2. 

Soil - Site Worker Scenario 

Industrial soil pathway COCs identified for AOC 685 are benzo(a)pyrene equivalents and arsenic. 

Figure 10.7.14 gives point risk estimates for AOC 685 based on soil exposure pathways under a 

future site worker/industrial scenario. Table 10.7.18 summarizes the risk and hazard contribution 

of each COPC at each sample location. 
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All sample locations yielded ILCRs greater than 1E-M. Arsenic was the primary contributor to 

risk, and benzo(a)pyrene equivalents were secondary contributors. Risk estimates ranged from 

2E-05 (685SB019) to 2E-05 (685SB025), with a mean risk estimate of 5E-06. 

Arsenic was the primary contributor to hazard estimates at AOC 685; however, hazard indices did 

not exceed unity at any location for the industrial scenario, Hazard index estimates ranged from 

0.026 (685SBO19) to 0.12 (685SB029), with a mean hazard estimate of 0.06. 

10.7.6.8 Remedial Goal Options 

RGOs for carcinogens presented in Table 10.7.19, were based on the lifetime-weighted average 

future site resident and future site worker for surface soils. Hazard-based RGOs were calculated 

based on the hypothetical child resident. 

10.7.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 685, COCs 

requiring further evaluation through the CMS process have been identified for surface soil. The 

site is in a moderately developed urban setting and risk to human health was evaluated under both 

future residential and industrial (site worker) scenarios. For these scenarios, the incidental 

ingestion and dermal contact exposure pathways were evaluated. Hazard was evaluated for 

noncarcinogenic contaminants through incidental ingestion and dermal contact as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1 .O, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1.  
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Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston. South Carolina 

AOC 
685 
685 
685 
685 
685 
685 
685 
685 

Location 
BOO1 
BOO1 
BOO 1 
BOO1 
BOO1 
BOO1 
BOO 1 
BOO1 

Parameter 
Aluminum (Al) 
Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8003 Aluminum (Al) 
685 BOO3 Arsenic (As) 
685 8003 Chromium (Cr) 
685 8003 Copper (Cu) 
685 8003 Lead (Pb) 
685 8003 Manganese (Mn) 
685 8003 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Concentration Units 
15300.00 MGIKG 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

20.70 MGlKG 
51.60 MGlKG 
13.40 MGIKG 
24.30 MGIKG 

150.00 MGlKG 
0.71 MGIKG 

34.00 MGtKG 
Total 

23500.00 MGIKG 
6.10 MGIKG 

11.80 MGIKG 
47.90 MGIKG 
24.10 MGIKG 
29.40 MGIKG 

276.00 MGIKG 
42.60 MGlKG 

Total 

29900.00 MGlKG 
15.50 MGIKG 
56.80 MGIKG 
22.00 MGlKG 
36.70 MGlKG 

222.00 MGlKG 
55.50 MGIKG 

Total 

20900.00 MGlKG 
9.20 MGlKG 

23.00 pG1KG 
48.40 MGIKG 

137.00 MGlKG 
63.20 MGIKG 

217.50 MGIKG 
43.40 MGIKG 

Total 

12400.00 MGlKG 
6.20 MGIKG 

59.36 pGIKG 
34.1 0 MGIKG 

464.00 MGlKG 
306.00 MGlKG 
128.00 MGlKG 
25.30 MGIKG 

Total 

Hazard Index Risk (E-06) 
0.2098 NA 



Table 10.7.1 7 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

22000.00 MGlKG 
14.80 MGIKG 
5.46 pGlKG 

47.00 MGlKG 
224.00 MGlKG 
178.00 MGIKG 
209.00 MGlKG 
43.10 MGIKG 

Total 

23200.00 MGIKG 
10.00 MGIKG 

297.96 pGlKG 
45.00 MGIKG 
93.30 MGIKG 

167.00 MGIKG 
326.00 MGIKG 
43.90 MGIKG 

Total 

14000.00 MGIKG 
9.60 MGIKG 

148.64 pG1KG 
44.40 MGIKG 

494.00 MGIKG 
459.00 MGIKG 
243.00 MGlKG 
30.70 MGlKG 

Total 

14600.00 MGlKG 
21.40 MGlKG 
7.10 MGlKG 

277.09 pGlKG 
78.00 MGIKG 

483.00 MGlKG 
949.00 MGlKG 
130.00 MGlKG 
29.90 MGIKG 

Total 

685 6010 Aluminum (Al) 12400.00 MGIKG 
685 BOlO Antimony (Sb) 1.00 MGIKG 
685 BOlO Arsenic (As) 10.90 MGIKG 
685 801 0 Benzo(a)pyrene Equiv. 177.35 pG1KG 
685 BOlO Chromium (Cr) 32.40 MGlKG 
685 B010 Copper (Cu) 102.00 MGlKG 

Hazard Index Risk (E-06) 



Table 10.7.17 
Point Estimates of Risk and Hazard - Sutface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 8010 Lead (Pb) 105.00 MGIKG NA NA 
685 BOA0 Manganese (Mn) 274.00 MGIKG 0.0799 NA 

Total 0.9060 31.41 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Atuminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benro(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

10900.00 MGIKG 
0.88 MGIKG 
6.80 MGlKG 

90.08 pG1KG 
58.40 MGIKG 
60.00 MGlKG 
88.20 MGIKG 

180.00 MGIKG 
Total 

10300.00 MGIKG 
0.94 MGIKG 
5.50 MGIKG 

132.42 pGIKG 
83.50 MGIKG 

172.00 MGIKG 
158.00 MGIKG 
178.00 MGlKG 

Total 

1 3500.00 MGIKG 
0.60 MGIKG 
7.80 MGlKG 

134.00 pG/KG 
29.1 0 MGlKG 
21.90 MG/KG 
68.70 MGIKG 

218.00 MGIKG 
Total 

13200.00 MGIKG 
0.44 MGlKG 
5.90 MGlKG 

164.33 pGIKG 
27.70 MGIKG 
20.00 MGIKG 

119.00 MGlKG 
167.00 MGIKG 

Total 

685 B015 Aluminum (Al) 17450.00 MGIKG 0.2393 NA 
685 801 5 Antimony (Sb) 0.78 MGIKG 0.0267 NA 
685 801 5 Arsenic (As) 7.25 MGIKG 0.3314 18.94 
685 6015 Benzo(a)pyrene Equiv. 81.52 pGIKG NA 1.35 



Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units 
685 B015 Chromium (Cr) 37.10 MGIKG 
685 8015 Copper (Cu) 
685 8015 Lead (Pb) 
685 B015 Manganese (Mn) 

685 B016 Aluminum (Al) 
685 8016 Arsenic (As) 
685 B016 Chromium (Cr) 
685 B016 Copper (Cu) 
685 6016 Lead (Pb) 
685 B016 Manganese (Mn) 
685 B016 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (P b) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8020 Aluminum (Al) 
685 8020 Arsenic (As) 
685 8020 Chromium (Cr) 

50.70 MGIKG 
75.60 MGIKG 

356.00 MGlKG 
Total 

16400.00 MGIKG 
10.40 MGIKG 
39.70 MGIKG 
17.30 MGIKG 
25.20 MGIKG 

908.00 MGIKG 
43.90 MGlKG 

Total 

28700.00 MGIKG 
14.60 MGlKG 

263.15 pG1KG 
53.00 MGlKG 
57.50 MGlKG 

332.00 MGlKG 
546.00 MGlKG 
60.1 0 MGIKG 

Total 

22500.00 MGlKG 
13.10 MGfKG 
42.29 pG1KG 
43.20 MGlKG 
26.30 MGlKG 
58.30 MGIKG 

465.00 MGIKG 
51.70 MGIKG 

Total 

8350.00 MGIKG 
5.50 MGIKG 

68.86 @/KG 
16.50 MGIKG 
13.80 MGlKG 
20.90 MGIKG 

241 .OO MGIKG 
18.70 MGIKG 

Total 

24200.00 MGIKG 
10.10 MGIKG 
49.90 MGIKG 

Hazard Index Risk (E-06) 
0.1017 NA 
0.0172 NA 

NA NA 
0.1039 NA 
0.8202 20.29 



Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B020 Copper (Cu) 20.00 MGlKG 0.0068 NA 
685 8020 Lead (Pb) 
685 6020 Manganese (Mn) 
685 6020 Vanadium (V) 

Aluminum (At) 
Arsenic (As) 
Benzo(a)py rene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8022 Aluminum (Al) 
685 8022 Arsenic (As) 
685 B022 Chromium (Cr) 
685 8022 Copper (Cu) 
685 6022 Lead (Pb) 
685 8022 Manganese (Mn) 
685 0022 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 6024 Aluminum (At) 
685 6024 Arsenic (As) 
685 8024 Chromium (Cr) 
685 8024 Copper (Cu) 
685 8024 Lead (Pb) 
685 8024 Manganese (Mn) 
685 8024 Vanadium (V) 

27.30 MGlKG NA NA 
1010.00 MGIKG 0.2946 NA 

52.50 MGlKG 0.1028 NA 
Totat 1.3346 26.38 

25700.00 MGIKG 
14.00 MGIKG 

201.75 pGlKG 
50.00 MGIKG 
59.60 MGIKG 

168.00 MGIKG 
440.00 MGIKG 

58.10 MGlKG 
Total 

23900.00 MGIKG 0.3277 
18.50 MGlKG 0.8456 
46.70 MGlKG 0.1281 
23.20 MGlKG 0.0079 
30.20 MGIKG NA 

751.00 MGIKG 0.2191 
63.10 MGIKG 0.1236 

Total 1.6520 

1 5000.00 MGIKG 
12.90 MGIKG 
2.92 VGIKG 

34.10 MGlKG 
14.60 MGlKG 
19.50 MGlKG 

1050.00 MGlKG 
37.00 MGlKG 

Total 

19600.00 MGIKG 
10.40 MGIKG 
53.50 MGIKG 

356.00 MGIKG 
602.00 MGIKG 
505.00 MGlKG 
45.40 MGIKG 

Total 

685 8025 Aluminum (Al) 17300.00 MGIKG 0.2372 NA 
685 8025 Arsenic (As) 1 1.80 MGIKG 0.5394 30.82 
685 6025 Benzo(a)pyrene Equiv. 3746.20 pG1KG NA 62.04 
685 6025 Chromium (Cr) 42.40 MGlKG 0.1 163 NA 



Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B025 Copper (Cu) 95.20 MGIKG 0.0324 NA 
685 8025 ~ e a d  ( ~ b )  
685 8025 Manganese (Mn) 
685 B025 Vanadium (V) 

685 8026 Aluminum (Al) 
685 8026 Arsenic (As) 
685 8026 Chromium (Cr) 
685 8026 Copper (Cu) 
685 8026 Lead (Pb) 
685 B026 Manganese (Mn) 
685 B026 Vanadium (V) 

93.50 MGIKG NA NA 
363.00 MGIKG 0.1059 NA 
45.50 MGlKG 0.0891 NA 

Total 1.1202 92.86 

251 00.00 MGIKG 0.3442 NA 
20.70 MGIKG 0.9462 54.07 
50.50 MGIKG 0.1385 NA 
24.10 MGIKG 0.0082 NA 
29.90 MGIKG NA NA 

1660.00 MGIKG 0.4842 NA 
61.00 MGIKG 0.1 195 NA 

Total 2.0408 54.07 

685 8027 Aluminum (Al) 13900.00 MGlKG 0.1906 NA 
685 8027 Arsenic (As) 9.10 MGlKG 0.4159 23.77 
685 8027 Benzo(a)pyrene Equiv. 72.37 pGIKG NA 1.20 
685 B027 Chromium (Cr) 34.90 MG/KG 0.0957 NA 
685 8027 Copper (Cu) 94.70 MGIKG 0.0322 NA 
685 8027 Lead (Pb) 196.00 MGIKG NA NA 
685 8027 Manganese (Mn) 254.00 MGIKG 0.0741 NA 
685 8027 Vanadium (V) 32.90 MGIKG 0.0644 NA 

Total 0.8730 24.97 

685 8028 Aluminum (Al) 1 0900.00 MGlKG 0.1495 NA 
685 8028 Arsenic (As) 10.30 MGIKG 0.4708 26.90 
685 8028 Benzo(a)pyrene Equiv. 175.25 pGlKG NA 2.90 
685 0028 Chromium (Cr) 30.50 MGIKG 0.0836 NA 
685 0028 Copper (Cu) 308.00 MGIKG 0.1047 NA 
685 0028 Lead (Pb) 199.00 MGIKG NA NA 
685 8028 Manganese (Mn) 231.00 MGIKG 0.0674 NA 
685 8028 Vanadium (V) 

685 B029 Aluminum (Al) 
685 8029 Arsenic (As) 
685 8029 Chromium (Cr) 
685 8029 Copper (Cu) 
685 0029 Lead (Pb) 
685 8029 Manganese (Mn) 
685 B029 Vanadium (V) 

32.10 MGlKG 0.0629 NA 
Total 0.9389 29.81 

24900.00 MGIKG 0.3414 
30.30 MGIKG 1.3849 
55.20 MGIKG 0.1514 
25.20 MGlKG 0.0086 
27.90 MGIKG NA 

1600.00 MGIKG 0.4667 
69.00 MGIKG 0.1352 

Total 2.4882 

685 8030 Aluminum (Al) 10800.00 MGlKG 0.1481 NA 
685 B030 Antimony (Sb) 3.20 MGlKG 0.1097 NA 
685 B030 Arsenic (As) 10.60 MGIKG 0.4845 27.69 
685 8030 Benzo(a)pyrene Equiv. 137.76 pG1KG NA 2.28 



Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B030 Chromium (Cr) 33.60 MGIKG 0.0921 NA 
685 B030 Copper (Cu) 
685 8030 Lead (Pb) 
685 B030 Manganese (Mn) 
685 8030 vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8033 Aluminum (Al) 
685 8033 Arsenic (As) 
685 8033 Chromium (Cr) 
685 B033 Copper (Cu) 
685 B033 Lead (Pb) 
685 B033 Manganese (Mn) 
685 8033 Vanadium (V) 

685 B034 Aluminum (Al) 
685 8034 Arsenic (As) 
685 8034 Chromium (Cr) 
685 8034 Copper (Cu) 
685 8034 Lead (Pb) 
685 8034 Manganese (Mn) 
685 6034 Vanadium {V) 

685 8035 Aluminum (Al) 
685 8035 Arsenic (As) 
685 8035 Chromium (CF) 

187.00 MGIKG 0.0636 NA 
11 10.00 MGlKG NA NA 
547.00 MGIKG 0.1596 NA 
28.10 MGIKG 0.0550 NA 

Total 1.1126 29.97 

20700.00 MGlKG 
15.1 0 MGlKG 
61.67 pGlKG 
49.60 MGIKG 
91.90 MGIKG 

196.00 MGIKG 
1920.00 MGIKG 

53.80 MGIKG 
Total 

10700.00 MGIKG 
12.10 MGIKG 

170.96 pG1KG 
25.70 MGIKG 
38.40 MGlKG 
35.20 MGlKG 

71 1 .OO MGlKG 
42.70 MGIKG 

Total 

29000.00 MGIKG 0.3977 NA 
14.40 MGIKG 0.6582 37.61 
58.20 MGlKG 0.1596 NA 
28.30 MGIKG 0.0096 NA 
28.60 MGIKG NA NA 

493.00 MGlKG 0.t438 NA 
74.50 MGlKG 0. t 459 NA 

Total 1.5148 37.61 

15900.00 MGlKG 
14.40 MGlKG 
35.30 MGlKG 

281.00 MGIKG 
192.00 MGIKG 
370.00 MGIKG 
32.50 MGIKG 

Total 

19700.00 MGIKG 0.2701 NA 
q2.40 MGlKG 0.5668 32.39 
47.50 MGlKG 0.1303 NA 



Table 10.7.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 8035 Copper (Cu) 195.00 MGIKG 0.0663 NA 
685 B035 Lead (Pb) 180.00 MGIKG NA NA 
685 B035 Manganese (Mn) 494.00 MGIKG 0.1441 NA 
685 8035 Vanadium (V) 44.70 MGlKG 0.0876 NA 

Total 1.2651 32.39 

685 8036 Aluminum (Al) 10050.00 MGlKG 0.1378 NA 
685 B036 Arsenic (As) 8.90 MGlKG 0.4068 23.25 
685 B036 Benzo(a)pyrene Equiv. 149.57 VGIKG NA 2.48 
685 B036 Chromium (Cr) 20.80 MGIKG 0.0570 NA 
685 8036 Copper (Cu) 30.35 MGIKG 0.0103 NA 
685 8036 Lead (Pb) 35.70 MGIKG NA NA 
685 B036 Manganese (Mn) 811.00 MGIKG 0.2366 NA 
685 8036 Vanadium (V) 27.55 MGIKG 0.0540 NA 

Total 0.9025 25.72 



68588020 * 685SB014 
I 

I 

685SB015 a 

NOCOPCs 
< 1 E 4  

* lE-6 to 5E-6 

5E-6 to 1E-5 FIGURE 10.7.14 

1E-5 to 1E-4 
>1E-4 

SURFACE SOIL POINT RISK 
INDUSTRIAL SCENARIO 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Navat Complex 
Charleston, South Carolina 

AOC 
685 
685 
685 
685 
685 
685 
685 
685 

Location 
BOO1 
6001 
6001 
6001 
BOOl 
BOOl 
6001 
6001 

Parameter 
Aluminum (Al) 
Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 6003 Aluminum (Al) 
685 6003 Arsenic (As) 
685 6003 Chromium (Cr) 
685 6003 Copper (Cu) 
685 8003 Lead (Pb) 
685 BOO3 Manganese (Mn) 
685 BOO3 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (At) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Concentration Units Hazard Index Risk (E-06) 
15300.00 MGIKG 0.0106 NA 

20.7 MGlKG 0.0476 7.65 
51.6 MGlKG 0.0071 NA 
13.4 MGlKG 0.0002 NA 
24.3 MGlKG NA NA 
150 MGIKG 0.0022 NA 

0.71 MGIKG 0.0061 NA 
34.0 MGIKG 0.0034 NA 

Total 0.0772 7.65 

23500 MGlKG 
6.1 MGlKG 

11.8 MGlKG 
47.9 MGIKG 
24.1 MGlKG 
29.4 MGIKG 
276 MGIKG 
42.6 MGlKG 

Total 

29900 MGlKG 0.0206 NA 
15.5 MGlKG 0.0356 5.73 
56.8 MGlKG 0.0078 NA 

22 MGlKG 0.0004 NA 
36.7 MGlKG NA NA 
222 MGlKG 0.0033 NA 
55.5 MGlKG 0.0055 NA 

Total 0.0732 5.73 

20900 MGlKG 
9.2 MGlKG 
23 pGIKG 

48.4 MGIKG 
137 MGlKG 

63.2 MGlKG 
217.5 MGlKG 
43.4 MGIKG 

Total 

12400 MGlKG 
6.2 MGIKG 

59.36 1GlKG 
34.1 MGlKG 
464 MGlKG 
306 MGlKG 
128 MGIKG 

25.3 MGIKG 
Total 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 

Aluminum (At) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (AI) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (At) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

22000 MGIKG 
14.8 MGlKG 
5.46 pGlKG 

47 MGIKG 
224 MGlKG 
178 MGIKG 
209 MGIKG 
43.1 MGlKG 

Total 

23200 MGIKG 
10 MGIKG 

297.96 pG1KG 
45 MGlKG 

93.3 MGiKG 
167 MGIKG 
326 MGIKG 

43.9 MGIKG 
Total 

A4000 MGlKG 
9.6 MGlKG 

148.64 pG1KG 
44.4 MGIKG 
494 MGIKG 
459 MGIKG 
243 MGIKG 
30.7 MGlKG 

Total 

14600 MGIKG 
21.4 MGlKG 
7.1 MGIKG 

277.09 pGIKG 
78 MGIKG 

483 MGIKG 
949 MGlKG 
130 MGIKG 

29.9 MGlKG 
Total 

685 BOlO Aluminum (Al) 12400 MGIKG 0.0086 NA 
685 BOlO Antimony (Sb) 1 MGlKG 0.0017 NA 
685 BOlO Arsenic (As) 10.9 MGlKG 0.0251 4.03 
685 6010 Benzo(a)pyrene Equiv. 177.35 pGlKG NA 0.60 
685 BOlO Chromium (Cr) 32.4 MGlKG 0.0045 NA 
685 BOA0 Copper (Cu) 102 MGlKG 0.0017 NA 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 8010 Lead (Pb) 105 MGlKG NA NA 
685 8010 Manganese (Mn) 274 MGIKG 0.0040 NA 

Total 0.0456 4.62 

Aluminum (At) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Aluminum (A!) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

Atuminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (CF) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 

10900 MGIKG 
0.88 MGIKG 
6.8 MGtKG 

90.08 pGlKG 
58.4 MGIKG 

60 MGIKG 
88.2 MGIKG 
180 MGlKG 

Total 

I0300 MGIKG 
0.94 MGIKG 
5.5 MGIKG 

132.42 pG1KG 
83.5 MGlKG 
172 MGlKG 
158 MGIKG 
178 MGIKG 

Total 

13500 MGIKG 
0.6 MGIKG 
7.8 MGIKG 
134 pG1KG 

29.1 MGIKG 
21.9 MGIKG 
68.7 MGIKG 
218 MGIKG 

Total 

13200 MGlKG 
0.44 MGlKG 
5.9 MGIKG 

164.33 @/KG 
27.7 MGlKG 

20 MGIKG 
119 MGIKG 
167 MGIKG 

Total 

685 B015 Aluminum (Al) 17450 MGlKG 0.0120 NA 
685 0015 Antimony (Sb) 0.78 MGlKG 0.001 3 NA 
685 B015 Arsenic (As) 7.25 MGlKG 0.0167 2.68 
685 6015 Benzo(a)py rene Equiv. 81.5 pGIKG NA 0.27 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B015 Chromium (Cr) 37.1 MGIKG 0.0051 NA 
685 B015 Copper (Cu) 50.7 MGIKG 0.0009 NA 
685 B015 Lead (Pb) 75.60 MGIKG NA NA 
685 B015 Manganese (Mn) 

685 B016 Aluminum (Al) 
685 6016 Arsenic (As) 
685 B016 Chromium (Cr) 
685 6016 Copper (Cu) 
685 6016 Lead (Pb) 
685 B016 Manganese (Mn) 
685 B016 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benro(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 B020 Aluminum (Al) 
685 8020 Arsenic (As) 
685 B020 Chromium (Cr) 

356 MGlKG 0.0052 NA 
Total 0.041 3 2.95 

16400 MGlKG 
10.4 MGIKG 
39.7 MGIKG 
17.3 MGIKG 
25.2 MGIKG 
908 MGlKG 

43.9 MGlKG 
Total 

28700 MGIKG 
44.6 MGIKG 

263.15 pGlKG 
53.0 MGIKG 
57.5 MGlKG 
332 MGlKG 
546 MGlKG 

60.1 MGlKG 
Total 

22500 MGlKG 
13.1 MGIKG 

42.29 pG1KG 
43.2 MGIKG 
26.3 MGIKG 
58.3 MGIKG 
465 MGIKG 
51.7 MGlKG 

Total 

8350 MGIKG 
5.5 MGIKG 

68.86 pGlKG 
16.5 MGIKG 
13.8 MGlKG 
20.9 MGlKG 
241 MGlKG 
18.7 MGIKG 

Total 

24200 MGlKG 0.01 67 NA 
10.1 MGlKG 0.0232 3.73 
49.9 MGlKG 0.0069 NA 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B020 Copper (Cu) 20 MGlKG 0.0003 NA 
685 8020 Lead (Pb) 
685 B020 Manganese (Mn) 
685 8020 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8022 Aluminum (At) 
685 8022 Arsenic (As) 
685 8022 Chromium (Cr) 
685 B022 Copper (Cu) 
685 8022 Lead (Pb) 
685 8022 Manganese (Mn) 
685 8022 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (P b) 
Manganese (Mn) 
Vanadium (V) 

685 6024 Aluminum (Al) 
685 B024 Arsenic (As) 
685 B024 Chromium (Cr) 
685 8024 Copper (Cu) 
685 8024 Lead (Pb) 
685 8024 Manganese (Mn) 
685 8024 Vanadium (V) 

27.3 MGlKG NA NA 
1010 MGlKG 0.0148 NA 
52.5 MGIKG 0.0052 NA 

Total 0.0671 3.73 

25700 MGlKG 
14.0 MGIKG 

201.75 pG/KG 
50 MGIKG 

59.6 MGlKG 
168 MGIKG 
440 MGlKG 
58.1 MGlKG 

Total 

23900 MGlKG 0.0165 NA 
18.5 MGIKG 0.0425 6.84 
46.7 MGIKG 0.0064 NA 
23.2 MGIKG 0.0004 NA 
30.2 MGlKG NA NA 
751 MGIKG 0.01 10 NA 

63.1 MGlKG 0.0062 NA 
Total 0.0831 6.84 

15000 MGIKG 
12.9 MGIKG 
2.92 pGlKG 
34.1 MGIKG 
14.6 MGIKG 
19.5 MGlKG 
1050 MGIKG 
37.0 MGlKG 

Total 

19600 MGlKG 
10.4 MGlKG 
53.5 MGlKG 
356 MGIKG 
602 MGIKG 
505 MGlKG 

45.4 MGlKG 
Total 

685 8025 Aluminum (Al) 17300 MGIKG 0.0119 NA 
685 8025 Arsenic (As) 11.8 MGiKG 0.0271 4.36 
685 B025 Benzo(a)pyrene Equiv. 3746.2 pG1KG NA f 2.61 
685 8025 Chromium (Cr) 42.4 MGlKG 0.0058 NA 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 8025 Copper (Cu) 95.2 MGIKG 0.0016 NA 
685 8025 Lead (Pb) 93.5 MGIKG NA NA 
685 B025 Manganese (Mn) 363 MGIKG 0.0053 NA 
685 B025 Vanadium (V) 

685 B026 Aluminum (Al) 
685 8026 Arsenic (As) 
685 8026 Chromium (Cr) 
685 8026 Copper (Cu) 
685 8026 Lead (Pb) 
685 8026 Manganese (Mn) 
685 8026 Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a) pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 B029 Aluminum (Al) 
685 8029 Arsenic (As) 
685 8029 Chromium (Cr) 
685 B029 Copper(Cu) 
685 8029 Lead (Pb) 
685 8029 Manganese (Mn) 
685 8029 Vanadium (V) 

45.5 MGlKG 0.0045 NA 
Total 0.0564 16.97 

25100 MGlKG 
20.7 MGIKG 
50.5 MG/KG 
24.1 MGIKG 
29.9 MGIKG 
1660 MGIKG 

61 MGIKG 
Total 

13900 MGIKG 
9.1 MGIKG 

72.37 pGlKG 
34.9 MGIKG 
94.7 MGIKG 
196 MG/KG 
254 MGIKG 
32.9 MGIKG 

Total 

10900 MGlKG 
10.3 MGIKG 

175.25 uG1KG 
30.5 MGIKG 
308 MGlKG 
199 MGlKG 
231 MGlKG 
32.1 MGIKG 

Total 

24900 MGIKG 0.01 72 NA 
30.3 MGIKG 0.0697 11.20 
55.2 MGIKG 0.0076 NA 
25.2 MGIKG 0.0004 NA 
27.9 MGIKG NA NA 
1600 MGIKG 0.0235 NA 

69 MGIKG 0.0068 NA 
Total 0.1252 11.20 

685 B030 Aluminum (Al) 10800 MGlKG 0.0074 NA 
685 8030 Antimony (Sb) 3.2 MGlKG 0.0055 NA 
685 8030 Arsenic (As) 10.6 MGIKG 0.0244 3.92 
685 8030 Benzo(a)pyrene Equiv. 137.76 pGlKG NA 0.46 



Table 10.7.1 8 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston. South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 8030 Chromium (Cr) 33.6 MGIKG 0.0046 NA 
685 8030 Copper (Cu) 
685 B030 Lead (Pb) 
685 6030 Manganese (Mn) 
685 8030 vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

685 8033 Aluminum (Al) 
685 8033 Arsenic (As) 
685 B033 Chromium (Cr) 
685 8033 Copper (Cu) 
685 8033 Lead (Pb) 
685 6033 Manganese (Mn) 
685 B033 Vanadium (V) 

685 B034 Aluminum (At) 
685 8034 Arsenic (As) 
685 8034 Chromium (Cr) 
685 6034 Copper (Cu) 
685 B034 Lead (Pb) 
685 8034 Manganese (Mn) 
685 8034 Vanadium (V) 

685 5035 Aluminum (Al) 
685 8035 Arsenic (As) 
685 6035 Chromium (Cr) 

187 MGIKG 0.0032 NA 
1j10 MGIKG NA NA 
547 MGIKG 0.0080 NA 
28.7 MGIKG 0.0028 NA 

Total 0.0560 4.38 

20700 MGlKG 
15.1 MGIKG 

61.67 vGIKG 
49.6 MGIKG 
9 1.9 MGIKG 
196 MGIKG 

1920 MGIKG 
53.8 MGIKG 

Total 

10700 MGJKG 
12.1 MGlKG 

170.96 pGlKG 
25.7 MGlKG 
38.4 MGIKG 
35.2 MGIKG 
7 1 1 MGIKG 

42.7 MGIKG 
Total 

29000 MGIKG 
14.4 MGlKG 
58.2 MGlKG 
28.3 MGlKG 
28.6 MG/KG 
493 MGIKG 
74.5 MGIKG 

Total 

15900 MGIKG 0.01 10 NA 
14.4 MGlKG 0.0331 5.32 
35.3 MGIKG 0.0049 NA 
281 MGIKG 0.0048 NA 
192 MGIKG NA NA 
370 MGIKG 0.0054 NA 

32.50 MGlKG 0.0032 NA 
Total 0.0624 5.32 

19700 MGlKG 0.0t36 NA 
12.4 MGlKG 0.0285 4.58 
47.5 MGIKG 0.0066 NA 



Table 10.7.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOC 685 
Charleston Naval Complex 
Charleston. South Carolina 

AOC Location Parameter Concentration Units Hazard Index Risk (E-06) 
685 B035 Copper (Cu) 195 MGlKG 0.0033 NA 
685 B035 Lead (Pb) 180 MGIKG NA NA 
685 8035 Manganese (Mn) 494 MGIKG 0.0072 NA 
685 8035 Vanadium (V) 44.7 MGlKG 0.0044 NA 

Total 0.0636 4.58 

Aluminum (Al) 
Arsenic (As) 
Benzo(a)pyrene Equiv. 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Manganese (Mn) 
Vanadium (V) 

10050 MGlKG 
8.9 MGlKG 

149.57 IJGIKG 
20.8 MGlKG 

30.35 MGIKG 
35.7 MGIKG 
811 MGlKG 

27.55 MGIKG 
Total 
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Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 10 - Site-Spec@ Evaluations 
Revision: 0 

BEQs, aiuminum, arsenic, and chromium were identified as soil pathway COCs for AOC 685. 1 

Table 10.7.20 presents cumulative and COC-specific exposure risks and hazard quotients. 2 

Risk-based remedial goals for surface soil are presented in Table 10.7.19. Potential corrective 4 

measures for soil are presented in Table 10.7.21. 5 

Table 10.7.20 
AOC 685 

Cumulative and ChernidSpeciKc Exposwe Risks and Hazard 

Risk Hnzard 

Chemical Industrial Residential Industrial Residential 

Soil 

Aluminum ND ND 0.014 0.28 

Arsenic 4.9E-6 3.55E-5 0.03 1 0.61 

Chromium ND ND 0.0068 0.14 

Note: 
ND = Not detected 

Table 10.7.21 
AOC 685 

Potential Corrective Measures 

M e d i m  Potential Corrective Measures 

Soil BEQs, Aluminum, Arsenic. Chromium a} No actiw 
b) Excavation, offsite disposal, a d  monitoring 



Zone I RCM Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Site-Specific E v a ~ o n s  
Revision: 0 

10.8 AOC 687 (Ammunition Storage Bunker), Building X-55, and SWMU 16 (Paint 
Storage Bunker) 

AOC 687 consists of Building X-55, an earth covered ammunition storage bunker constructed in 

1942. The concrete walls and ceiling of the bunker are 4 feet thick. The entire structure is 

covered by 2 feet of soil. Surrounding the bunker, is a cement and soil containment berm 

designed to control the bunker door in the event of an explosion. The storage bunker is 

approximately 29 feet wide, 52 feet long, and 12 feet high. The area is surrounded by a chain-link 

fence. The AOC is located between Juneau Avenue and the Dredged Materials Area @MA). The 

Cooper River and associated wetlands are to the east of the site across Juneau Avenue. 

The bunker appears to have been used for ammunition storage since its construction in 1942. No 

other uses are known. At the time of the RFA, explosives and small arms ammunition were stored 

in the bunker. The magazine is currently empty, although no information is available regarding 

the dates of explosive/amrnunition removal. 

SWMU 16 (the earthen roof of Building X-55) has been associated with AOC 687 due to prior 

unauthorized storage of potentially hazardous material (empty paint containers). This paint 

container storage was identified as a one time occurrence and is not thought to represent a 

historical problem. Minor spills associated with the storage of the paint containers were cleaned 

and the paint containers themselves were removed from the site at the time of discovery. 

Materials of concern identified in the final RFI work plan include explosives, paint wastes, and 

paint thinner. Potential receptors include workers involved in invasive and noninvasive activities 

at these sites. The Cooper River and nearby wetlands are also potential ecological receptors. 

To fulfill CSI objectives for AOC 687 and RFI objectives for SWMU 16, soil, sediment, and 

groundwater were sampled in accordance with the final RFI work plan and Section 3 of this 



Zone I RCM Facility Investigation Repon 
Charleston Naval Complex 

report. Only four of 11 soil borings were advanced during field work. Borings proposed for 

SWMU 16 were not drilled because paint container storage was identified as a one time issue and 

not a long-term or historical problem. 

Grid soil sample GDISB00801 was collected in the area of the combined sites and analyzed for 

the standard suite of parameters. No subsurface grid soil sample was collected at this location. 

Results of these analyses are discussed with the combined sites. 

10.8.1 Soil Sampling and Analysis 

Soil was sampled in one round at the combined sites from the locations shown in Figure 10.8.1. 

The final RFI work plan proposed 11 soil borings at the combined sites with sampIes collected 

from both the upper and lower-intervals. During the field investigation, soil samples were 

collected from the four monitoring well borings advanced around the combined sites' perimeter, 

as proposed in the work plan. Four upper-interval and two lower-interval samples were collected 

from these boring locations. Seven soil sampIes proposed for collection from the earthen roof of 

Building X-55 were deleted during the field investigation. Samples were submitted for the 

standard suite of parameters (VOCs, SVOCs, metals, cyanide, pesticides, and PCBs) and 

organotins at DQO Level 111. One upper-interval duplicate sample was analyzed for the standard 

suite of parameters, plus organotins at DQO Level IV. Table 10.8.1 summarizes the soil sampling 

at the combined sites. 

Grid-based soil boring (GDIOOS) was advanced in the area of the combined sites as shown in 19 

Figure 10.8.1. Upper-interval samples from this boring were analyzed for the standard suite of 20 

parameters. No lower-interval samples were collected from this boring. Results of sample 21 

analyses are presented in the nature and extent discussion of the combined sites and presented in 22 

Appendix D. 23 
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Table 10.8.1 
AOC 687 aud SWMU 16 
Soil Sampling Summary 

Samples Sample 

Nofzs: 
( 1  = Parentheses indicate number of samples proposed. 
Standard Suite = VOCs, SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level In. 
Physical parameters analysis included CEC, chloride, sulfur, ammonia, nitratelnitrite, phosphorus, TOC and total moisture. 

10.8.2 Nature and Extent of Contamination in Soil 

Organic compound analytical data for soil are summarized in Table 10.8.2. Table 10.8.3 

summarizes inorganic analytical results. Table 10.8.4 summarizes all analytes detected in the soil 

at AOC 687lSWMU 16. Appendix D is a complete analytical report for all samples collected in 

Zone I. 

Volatile Organic Compounds in Soil 

Two VOCs - acetone and methylene chloride - were detected in surface soil samples at the 

combined sites. Of the two, only acetone was detected in subsurface soil at these sites. All 

surface and subsurface soil VOC concentrations were far below their RBCs and SSLs. 

No VOCs were detected in surface soil at grid soil boring GDISB008. 



Zone I RCRA Facility Investigananon Report 
Charleston Naval Complex 
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Table 10.8.2 
AOC 687 and SWMU 16 

Organic Compound Anaiytical Results for Soil &/kg) 

Number of 
Samples 

Sample Detection Detection RBC (upper) Exceeding 
Parameters Interval Frequency Range Mean SSL (lower) RBC or SSL 

Volatile Oreanic Comaounds 

Methylene chloride Upper 1 I4 28.0 28.0 85,000 0 
Lower 012 ND ND 10.0 0 

beta-BHC Upper 214 1.3 - 1.4 1.4 3 50 0 
Lower 112 2.5 - 2.5 1.3 1 

Aroclor- 1260 U P F  214 27.0 - 35.0 31.0 320 0 
Lower On ND ND 1.ooo 0 

Dioxin Compounds and Organotins 

Tetrabutyltin Upper 014 ND ND 2,300 0 
h w e r  I /2 5.5 5.5 NL 0 

Notes: 
ND = Not DetectedINot Determined 
NL = Not Listed 
ccglkg = Micrograms per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Semivolatile Organic Compounds in Soil 

No SVOCs were detected in soil at the combined sites. 

Four SVOCs were detected in surface soil at grid soil boring GDISB008, 

Bis(2-ethylhexy1)phthalate (100 pglkg), benzo(b)fluoranthene (8 1 pglkg), benzo(k)fluoranthene 

(97 pglkg), and pyrene (63 pglkg) were detected at concentrations far below their RBCs. 

Pesticides and PCBs in Soil 

The pesticide beta-BHC was detected in surface soil at the combined sites at a range of 1.3 pglkg 

to 1.4 pglkg, at concentrations far below its RBC. The PCB Aroclor-1260 was also detected in 

surface soil at a range of 27 pglkg to 35 pglkg, also below its RBC. 

Two pesticides - methoxychlor and beta-BHC - were detected in subsurface soil at the combined 

sites, Beta-BHC exceeded its respective SSL in subsurface soil sample 687SB00102, at a 

concentration of 2.5 pglkg. No PCBs were detected in subsurface soil at the combined sites. 

Two pesticides were detected in surface soil at grid soil boring GDISBOOS. 4,4'-DDE (7.2 pglkg) 

and endrin aldehyde (1.9 pglkg) were detected at concentrations far below their RBCs. No PCBs 

were detected in surface soil at grid soil boring GDISB008. 

Other Organic Compounds in Soil 

The organotin tetrabutyltin was detected in subsurface soil sample 687SB00302. No SSL is listed 

for tetrabutyltin. 

Inorganics in Soil 

Nineteen metals were detected in surface soil at the combined sites. Chromium exceeded its RBC 

and surface soil background concentration in sample 687SB00401 (40 mglkg). Manganese 
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exceeded its RBC and surface soil background concentration in sample 687SB00401(482 mglkg). 

No other surface soil metal concentrations exceeded both their RBCs and surface soil background 

concentrations. 

Eighteen metals were detected in subsurface soil at the combined sites. Arsenic exceeded its 

respective SSL and subsurface soil background concentration in samples 687SB00102 

(17.2 mglkg), and 687SB00302 (19.8 mglkg). All other subsurface soil metal concentrations were 

far below their SSLs and subsurface soil background concentrations. 

Twenty-one metals were detected in grid-based surface soil sample GDISB00801 at concentrations 

similar to those in surface soil samples from the combined sites. Chromium (49.9 mglkg) 

exceeded its RBC and surface soil background concentration in this sample. All other metal 

concentrations were far below their RBCs and surface soil background concentrations. 

10.8.3 Groundwater Sampling and Analysis 

Four shallow monitoring wells were proposed and installed at the combine sites per the final RFI 

work plan. Groundwater was sampled in six-rounds at the combined sites. During the first 

sampling round, wells were sampled for the standard suite of parameters, organotins, chloride, 

TDS, and sulfate at DQO Level ID. Samples from rounds two and three were analyzed for 

cyanide, and metals (687004 was also sampled for chloride, sulfate, and TDS). Fourth-round 

samples were analyzed for chloride, cyanide, sulfate, metals, pesticides, PCBs, VOCs and TDS. 

Fifth-round samples were analyzed for metals and VOCs. Sixth-round samples were analyzed for 

metals, VOCs, and SVOCs. Table 10.8.5 summarizes the groundwater sampling at AOC 687 and 

SWMU 16. Figure 10.8.1 earlier in this section shows the well locations. 
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Table 10.8.5 
AOC 687 and SWMU 16 

Groundwater Sampling Summary 

Sampling sampling 

01/16/% 68700 1 Cyanide, metals 
687002 

01/17/% 687003 
687004 Cyanide, metals, chloride. sulfate, 

TDS 

09/10/% 687001 Chloride, cyanide, sulfate, metals, 
687002 pesticides, PCBs, VOCs, TDS 

09/11/96 687003 
687004 

5 04/ 14/98 68700 1 Metals. VOCs 
687002 
687003 
687004 

0811 8/98 68700 I Metals, VOCs, SVOCs 
687002 
687003 

Note: 
Standard suite = VOCs. SVOCs, metals, cyanide, pesticides and PCBs at DQO Level 111. 

Groundwater samples were also collected from a shallowldeep monitoring well pair 1 

(GDI008IGDI08D) near the combined sites. Both were sampled during the six sampling events. 2 

During the first four sampling rounds, these wells were sampled for the standard suite of 3 

parameters, plus chloride, sulfate, and TDS. GDI00801 was also analyzed for OP-pesticides 4 

during the fourth sampling round, while GDI08DO1 was analyzed for organotins during the first s 

sampling round. During the fifth sampling round, these wells were sampled for metals and 6 

SVOCs. During the sixth sampling round, they were sampled for metals, VOCs, and SVOCs. 7 
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Results of these analyses are discussed with the nature and extent of the combined sites and are I 

presented in Appendix D . 2 

The shallow monitoring wells were installed at 12.5 feet bgs in the upper sand layer of the Wando 3 

Formation. Deep grid well GDI08D was installed at 44.0 feet bgs. All wells were instaIled in 4 

accordance with Section 3.2.3 of this report. 5 

10.8.4 Nature and Extent of Contamination in Groundwater 6 

Table 10.8.6 summarizes the groundwater analytical results for organics. Table 10.8.7 7 

summarizes the groundwater analytical results for inorganics . Table 10.8.8 summarizes all 8 

analytes detected in shallow groundwater at AOC 687/SWMU 16. Appendix D is a complete 9 

analytical data report for all samples collected in Zone I. 10 

Volatile Organic Compounds in Groundwater 11 

Two VOCs were detected in shallow groundwater at the combined sites. Acetone was detected 12 

during the first sampling round from 687003. Methylene chloride was detected in the first-round 13 

samples from wells 687002 and 687003. No other VOCs were detected in groundwater at the 14 

combined sites. Except for methylene chloride, all groundwater VOC concentrations were far 15 

below their tap-water RBCs and MCLs. 16 

Toluene (2 pg/L) and xylene (total) (2 pg/L) were detected in groundwater samples from nearby 17 

-shallow grid-based well GDI008 during the second sampling round. Carbondisulfide was detected is 

in deep groundwater at deep grid-based well GDIOSD during the first and third sampling rounds 19 

at 1 pg/L. All shallow/deep groundwater VOC concentrations were far below their tap-water 20 

RBCs . 21 
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Table 10.8.6 
AOC 687 and SWMU 16 

Organic Compound Analytical Results for Groundwater (fig/L) 

Number of 
Sam~les 

Detection Detection Tagwater ~xceed& RBC 
Pammeters Sample Round Frequency Rauge Mean RBClMCL or MCL 

Methylene chloride First 214 2.0 - 15.0 8.5 4.llNL 1 
Second O/O N A N A 0 
Third 010 NA N A 0 
Fourth 014 ND ND 0 
Fifth 014 ND ND 0 
Sixth 014 ND 0 

Isophorone First 014 ND ND 70/NL 0 
Second 010 ND ND 0 
Third 010 ND ND 0 
Fourth 010 ND ND 0 
Fifth 010 ND ND 0 
Sixrh 114 1 .O I .O 0 

Notes: 
NA = Not AvailabletNot Applicable/Not Analyzed 
ND = Not DetectedNot Determined 
NL = Not Listed 
See Table 5.5 for inorganic screening concentrations and their sources. 
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Table 10.8.7 
AOC 687 and SWMU 16 

Inorganic Analytical Results for Groundwater (CcglL) 

Sample Detection 

Number of Samples 
Shallow Exceeding lower of 

Tapwater Groundwater the RBC or MCL. 

Arsenic (As) First 314 6.3 - 38.6 26.0 0.045150 23 
Second 114 ND - 73.7 73.7 
Third 114 5.6 5.6 
Fourth 114 39.3 39.3 
Fifth 314 4.1 - 131 47.8 
Sixth 414 3.3 - 58.3 17.3 

Barium (Ba) First 014 ND ND 260/2,OOO 110 0 
Second 414 16.6 - 22.2 19.7 0 
Third 014 ND ND 0 
Fourth 414 13.0 - 20.8 16.0 0 
Fifth 314 17.7 - 25.1 21.1 0 
Sixth 4/4 22.3 - 49.3 34.8 0 

Beryllium First 014 ND ND 7.314 1.1 
(Be) Second 014 ND ND 

Third 014 ND ND 
Fourth 414 0.33 - 0.4 0.38 
Fifth 014 ND ND 
Sixth 1 I4 0.30 0.30 

Chromium First 314 1.5 - 4.6 2.7 181100 14.3 0 
(cr) Second 014 ND ND 0 

Third 114 1.7 1.7 0 
Fourth 014 ND ND 0 
Fifth 014 ND ND 0 
Sixth 414 12.7 - 26.1 20.1 3 

Cobalt (Co) First OM ND ND 220tNL 2.2 0 
Socod 1 14 3.1 3.1 0 
Third 0/4 ND ND 0 
Fourtfi 014 ND ND 0 
Fifth 214 1.3 - 1.9 1.6 0 
Sixth 3/4 4.0 - 4.7 4.33 0 



Zone I RCRA Facility Investigarion Reporl 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluations 
Revision: O 

Table 10.8.7 
AOC 687 and SWMU 16 

Inorganic Analytical Results for Groundwater (CcglL) 

Number of Samples 
Shallow Exceeding lower of 

Sample Detection Tapwater Groundwater the RBC or MCL, 
Parameters Round Frequency Detection Range Mean RBCIMCL Background and Background 

Copper (Cu) First 014 ND ND 15011.300 4.4 0 
Second 111 2.1 2.1 0 
Third 014 ND ND 0 
Fourth 214 11.4 - 12.3 11.9 0 
Fifth 114 29.3 29.3 0 
Sixth 414 3.4 - 16.9 10.2 0 

Lead (Pb) First 314 2.1 -4.0 2.9 
Second 014 ND ND 
Third 014 ND ND 
Fourth 014 ND ND . 
Fifth 014 ND ND 
Sixth 014 ND ND 

Manganese First 414 165 - 1,330 735 5,430 0 
(Mn) Second 414 327 - 3,290 1,660 0 

Third 214 215 - 1,750 983 0 
Fourth 414 43.5 - 134 94.6 0 
Fifth 414 280 - 2.220 1.020 0 
Sixth 414 223 - 2.820 1.046 0 

Nickel (Ni) First 414 2.0- 23.9 11.9 nl100 13.3 0 
Se~ond 314 1.5-24 9.9 0 
Third 2l4 1.1 - 2.0 1.6 0 
Fo~nh 214 11.1 - 15.7 13.4 0 
Fifth 114 19.3 19.3 0 
Sixth 414 6.5 - 23.9 11.6 0 

Potassium (K) First 414 60.300 - 105.000 76.100 NWNL NL N A 
Se~ond 414 35,600 - 45,200 41,600 N A 
Third 414 39,400 - 56.800 46,800 N A 
Fourth 414 23,300 - 42,500 34,900 N A 
Fifth 414 28.400 - 86.800 48,000 N A 
Sixth 414 38.300 - 64.700 50.500 N A 
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Sample Detection 

Table 10.8.7 
AOC 687 and SWMU 16 

Lnorganic Analytical Results for Groundwater (IcgIL) 

Number of Samples 
Shallow Exceeding lower of 

Tapwater Groundwater the RBC or MCL. 

Sodium (Na) First 414 375.000 - 895.000 541.000 NWNL NL N A 
Second 414 389,000 - 509,000 453.000 N A 
Third 414 470,000 - 945,000 644.000 N A 
Fourth 414 1,980 - 361,000 170,000 N A 
Fifth 4/4 192.000 - 553,000 N A 
Sixth 4/4 1,390,000 465.750 N A 

2%,000 - 674,000 

Thallium (Tl) First 0/4 ND ND 0.2612 2.0 
Second 014 ND ND 
Third 014 ND ND 
Fourth 214 2.7 - 5.2 4.0 
Fifth 014 ND ND 
Sixth 014 ND ND 

Vanadium (V) First 014 ND Na 261NL 14 0 
Second 414 1.0- 1.8 1.2 0 
Third 014 ND ND 0 
P~rtfr 214 5.7 - 6.2 640 0 
Rfth 014 ND ND 0 
Sixth 414 3.1 - 5.0 3.95 0 

Zinc (Zn) First 414 23.3 - 41.4 33.8 I. 100lNL 24.4 0 
Secund 214 4.5 - 8.1 6.3 0 
Third 114 29.7 29.7 0 
Fwrth 214 6.4 - 8.4 7.4 0 
Fifth 114 14.6 14.6 0 
Sixth 414 9.1 - 23.4 16.1 0 

Notes: 
NA = Not ApplicableINot Available 
ND = Not DetectedlNot Determined 
NL = Not Listed 
pg/L = Micrograms per liter 
See Table 5.6 for inorganic screening concentrations and their sources. 
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Semivolatile Organic Compounds in Groundwater 

One SVOC was detected in shallow groundwater at the combined sites. Isophorone was detected 

in one well during the sixth-round of groundwater sampling. All groundwater SVOC 

concentrations were far below their tap-water RBCs and MCLs. 

No SVOCs were detected in shallow groundwater at nearby shallow grid-based well GDIOO8. 

During the third sampling round, benzoic acid (1.0 pglL) was detected in deep groundwater at 

grid-based well GDIOSD. It was far below its tap-water RBC. No other SVOCs were detected 

in deep groundwater at GD108D. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow groundwater at the combined sites. 

Beta-BHC (0.22 pg/L) and parathion (0.17 pg/L) were detected in shallow groundwater at 

grid-based well GDI008 during the first sampling round at concentrations far below their tap-water 

RBCs. No other pesticides were detected at GDI008. No pesticides were detected in groundwater 

from deep grid-based well GDIOSD. No PCBs were detected in shallow or deep groundwater at 

GDI008/GDI08D. 

Other Organics in Groundwater 

Dioxins and furans were detected in the shallow groundwater duplicate sample collected during 

the first sampling round from shallow grid-based well GDI008. In accordance with recent dioxin 

guidance (USEPA Interim Supplemental GuidQnce to RAGS: Region IV Bulletins Human Health 

Risk Assessment, Bulletin No. 2 [USEPA 1995~1 and Section 7 of this report, a TEQ of 

1.55E-7 pglL was calculated for the first sampling round at GDI008. The calculated TEQ is 

below the tap-water RBC of 4.5E-7 pg/L. 
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Inorganics in Groundwater 

Twenty metals were detected in shaIlow groundwater at the combined sites. Arsenic exceeded its 

tap-water RBC and shallow background concentration at well 687002 during the first (33.2 pg/L), 

second (73.7 pg/L), fourth (39.3 pg/L), fifth (131 pg/L), and sixth (58.3 pg/L) sampling rounds. 

Arsenic also exceeded its tap-water RBC and shallow background standard at 687001 (38.6 pglL) 

during the first sampling round. Chromium exceeded its tap-water RBC and shallow background 

concentration in well 687001 (20.9 pg/L), 687003 (20.7 pg/L), and 687004 (26.1 pg/L) during 

the sixth sampling round. Thallium exceeded its tap-water RBC, MCL, and shallow background 

concentration at wells 687001 (5.2 pg/L) and 687002 (2.7 pg/L) during the fourth sampling 

round. No other metals exceeded their tap-water RBC, MCL, or shallow background 

concentration at the combined sites. 

Sixteen metals were detected in shallow groundwater at GDI008. Antimony (5.6 NIL) exceeded 

its tap-water RBC during the third sampling round. Chromium (22.7 pg/L) exceeded its tap-water 

RBC and shallow background during the sixth sampling round. All other shallow groundwater 

metal concentrations were far below their tap-water RBCs, MCLs, and shallow groundwater 

background concentrations, 

Thirteen metals plus cyanide were detected in deep groundwater at GDIO8D. During the second 

sampling round, thallium (5.5 pglL) exceeded its tap-water RBC, MCL, and deep groundwater 

background concentration, During the third sampling round, antimony (5.4 pg/L) exceeded its 

tap-water RBC. All other deep groundwater metalicyanide concentrations were far below their 

tap-water RBCs, MCLs, and deep groundwater background concentrations. 

10.8.5 Sediment Sampling and Analysis 22 

Sediment was sampled at the combined sites from the locations shown previously on in 23 

Figure 10.8.1. The final RFI work plan proposed two sediment samples. These two samples, 24 

687M0001 and 687M0002, were collected from a drainage ditch irnmediateIy east of the site to 25 

10.8.30 
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characterize potential contamination from surface water runoff within the site area. The two 

sediment samples collected were analyzed for organotins and the standard suite (VOCs, SVOCs, 

metals, cyanide, pesticides and PCBs) at DQO Level 111. They were also analyzed for TOC and 

grain size. One duplicate sample was analyzed for Appendix IX analysis at DQO Level IV. 

Table 10.8.9 summarizes the sediment sampling and analysis at the combined sites. 

Table 10.8.9 
AOC 687 and SWMU 16 

Sediment Sampling Summary 

Notes: 
( 1  = Parentheses indicate number of samples proposed. 
Standard suite = VOCs, SVOCs, metals, cyanide, pesticides and PCBs at DQO Level 111. 

10.8.6 Nature and Extent of Contamination in Sediment 

Organic compound analytical data for sediment are summarized in Table 10.8.10. Inorganic 

analytical data for sediment are summarized in Table 10.8.11. Table 10.8.4 previously 

summarized the anaIytes detected in sediments at AOC 687lSWMU 16. Appendix D is a complete 

analytical data report for all samples collected in Zone I. 

Volatile Organic Compounds in Sediment 

No VOCs were detected in sediment at the combined sites. 

Semivolatile Organic Compounds in Sediment 

Fifteen SVOCs were detected in sediment samples at the combined sites. Most SVOC detections 

occurred at 687M0002. Five PAH detections at sample location 687M0002: benzo(a)anthracene 

(580 pglkg), benzo(a)pyrene (790 &kg), chrysene (1,650 pglkg), fluoranthene (2,100 pglkg) 
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and pyrene (1,650 pglkg). Bis(2ethylhexyl)phthalate was detected at location 687M0002 I 

(250 pglkg). Three SVOCs (fluoranthene, pyrene, and bis (2ethylhexyl) phthalate) were detected 2 

at sample location 687M0001. 3 

Table 10.8.10 
AOC 687 and SWMU 16 

Organic Compound Analytical R d t s  for Sediment &$kg) 

Frequency of Range of 
Parameters Detection Detection Mean 

Phenanthrene 1 I2 225 225 

bis(2-Ethylhexy1)phthalate (BEHP) 212 180 - 250 215 

Pesticides and PCBs 

4,4'-DDD 112 20.5 20.5  
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Table 10.8.10 
AOC 687 and SWMU 16 

Organic Compound Analytical Results for Sediment (rg/lrg) 

Frequency of Range of 
Psrameters Detection Detection Mean 

Bndosulfan I1 212 O.% - 3.0 2.0 

Endrin 212 0.96 - 8.4 4.7 

Pesticides and PCBs 

Heptachlor 112 3.0 3.0 

Methoxychlor 212 2.0 - 8.7 5.4 

Dimethoate 111 36.0 36.0 

Herbiddes 

2,4,5-TP (Silvex) 111 120 120 

Dioxin Compounds and Organotins 

OCDD 111 3.94E-02 3.94E-02 

OCDF ill 2.66E-03 2.66E-03 

Note: 
&kg = micrograms per kilogram 
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Table 10.8.11 
AOC 687 and SWMU 16 

inorganic Analytical Results for Sediment (mglkg) 

Frequency of Ranee of 
Parameters Gtection Mcan 

Antimony (Sb) 212 0.68 

Barium (Ba) 212 19.3 - 33.3 26.3 

Beryllium @e) I D  0.60 0.60 

Calcium (Ca) 212 29.200 - 52,100 40.700 

Iron (Fe) 212 8,510 - 13.900 11.200 

Lead (Pb) 2/2 30.6 - 50.6 40.6 

Magnesium (Mg) 212 1.820 - 3.910 2,870 

Nickel (Ni) 212 10.2 - 16.5 13.4 

Selenium (Se) 212 1.5 - 2.2 1.9 

Tin (Sn) 212 2.6 - 3.5 3.0 

Notes: 
mg/kg = milligram per kilogram 
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In accordance with recent cPAH guidance, a BEQ of 1,300 pglkg was calculated for sediment 

sample 687M000201. 

Pesticides and PCBs in Sediment 

Sixteen pesticides were detected in sediment samples at the combined sites. Most were at sample 

location 687M0002. Nine pesticides were detected at sample location 687M0001. No PCBs were 

detected in sediment samples at the combined sites. 

Other Organic Compounds in Sediment 

Two organophosphorous pesticides - parathion and dimethoate - were detected at sample location 

687M0002. 

Two herbicides (2,4,5-T and 2,4,5-TP) were detected at sample location 687M0002. 

Two dioxins and two furans were detected at sample location 687M000201. In accordance with 

recent dioxin guidance, a TEQ of 1.18E-04 pglkg was calculated. 

Inorganics in Sediment 

Nineteen metals were detected in sediment samples at the combined sites. The highest detections 

were at 687M0002. 

10.8.7 Fate and Transport Assessment 

AOC 687 consists of Building X-55, an earth covered ammunition storage bunker constructed in 

1942. The concrete walls and ceiling of the bunker are 4 feet thick. The entire structure is 

covered by 2 feet of soil. Surrounding the bunker, is a cement and soil containment berm 

designed to control the bunker door in the event of an explosion. The storage bunker is 

approximately 29 feet wide, 52 feet long, and 12 feet high. The area is surrounded by a chain-link 
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fence. The AOC is located between Juneau Avenue and the Dredged Materials Area (DMA). The 

Cooper River and associated wetIands are to the east of the site across Juneau Avenue. 

The bunker appears to have been used for ammunition storage since its construction in 1942. No 

other uses are known. At the time of the RFA, explosives and small arms ammunition were stored 

in the bunker. The magazine is currently empty, although no information is available regarding 

the dates of explosive/arnrnunition removal. 

SWMU 16 (the earthen roof of Building X-55) has been associated with AOC 687 due to prior 

unauthorized storage of potentially hazardous material (empty paint containers). This paint 

container storage was identified as a one time occurrence and is not thought to represent a 

historical problem. Minor spills associated with the storage of the paint containers were cleaned 

and the paint containers themselves were removed from the site at the time of discovery. 

Environmental media sampled as part of this investigation are surface soil, subsurface soil, 

sediment, and shallow groundwater. Potential constituent migration pathways investigated are 

soil-to-groundwater, groundwater-to-human, groundwater-to-surface water, soil-to-sediment, and 

emission of voIatiles from surface soil-to-air. 

10.8.7.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.8.12 and 10.8.13 compare maximum detected organic and inorganic constituent 

concentrations respectively in surface soil and subsurface soil samples to risk-based soil screening 

levels considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. Soil background values for inorganics in Zone I were 

determined, but at the request of SCDHEC were not considered during initial comparisons of 

maximum soil concentrations with SSLs. To provide a conservative screen, generic SSLs are 

used; leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation 

of constituents in soil (DAF = 10). 
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Two organic constituents - methylene chloride and beta-BHC - were detected in soil at 

concentrations that exceed their SSL. Methylene chloride was detected in one of four surface soil 

samples, but was nondetect in subsurface soil. Figure 10.8.2 presents methylene chloride 

concentrations detected at AOC 687lSWMU 16. This constituent could be associated with past 

site activities (namely, unauthorized paint and thinner storage). The absence of methylene chloride 

in subsurface soil effectively invalidates the pathway for this constituent. However, considering 

the presence of acetone in soil and methylene chloride in groundwater, the data suggest that these 

VOCs may be residual contaminants on the site. Beta BHC was present in only one surface and 

one subsurface soil sample and only at concentrations slightly exceeding its SSL. Figure 10.8.3 

presents beta-BHC concentrations detected at AOC 687lSWMU 16. It would not be unexpected 

to detect pesticides in this area of the base a result of as normal application. The levels of this 

pesticide are not overly remarkable, nor are they laterally persistent. Therefore, the significance 

of the pathway is not expected to be great, although the SSL is exceeded and the pathway is valid. 

This conclusion is substantiated by the pesticides' absence in groundwater. 

Three inorganics - arsenic, chromium, and manganese - were detected in soil at concentrations 

that exceeded their SSLs: Arsenic was widely detected, was greater than the SSL only in the 

subsurface samples, and was below the zone-specific background in all samples. Figure 10.8.4 

presents arsenic concentrations detected at AOC 687lSWMU 16. Chromium was widely detected 

at concentrations generally greater then the SSL, but was also below the zone-specific background 

in all sarnpIes. Figure 10.8.5 presents chromium detections at AOC 687iSWMU 16. Manganese 

was also widely detected, and was below the SSL and zone-specific background in subsurface 

samples. Figure 10.8.6 presents manganese detections at AOC 687lSWMU 16, All three 

inorganics are consistently detected in zone-wide soil; given these widespread occurrences 

zone-wide and at this AOC, it is unlikely that they represent residua1 site contamination. The 

presence of arsenic, chromium, and manganese in site groundwater suggests that the pathway is 

valid for these constituents, but the background concentrations of each should be acknowledged 

as the point of departure for risk management. 
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ZONE I SEDIMENT SAMPLE LOCATION FACl LlTY INVESTIGATION 

m MONITORING WELL LOCATION NAVAL BASE CHARLESTON 
ZONE I SOIL BORING LOCATION 

12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
11 31 ZONE I SUBSURFACE SOlL CONC (MGIKG) 
72 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN ZONE l 

ND NON DETECT AOC 687 
CHROMIUM 

ZONE I EXCEEDANCES 
SOlL AND GW CONCENTRATIONS 

MCt=100 UGIL RBC=39 MGIKG SSL=19 MGlKG 



687SB001 
205 0 ,  rn 687GW001 

355 O 3290.0 
687GW002 687SB002 327,0 

o 316 0 
687M0002 NS 
203.0 

687M0001 

687sB003 + rn687GW003 
1750 0 49.75 

282 Q 

ZONE I - RCRA 
ZONE f SEDIMENT SAMPLE LOCATION FACILITY INVESTIGATION 

rn MONITORING WELL LOCATION NAVAL BASE CHARLESTON 
ZONE I SOIL BORING LOCATION 

12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
12 30 ZONE I SUBSURFACE SOlL CONC (MGJKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT AOC 687 

MANGANESE 
ZONE l EXCEEDANCES 

SCALE 
SOlL AND GW CONCENTRATIONS 

MCL=NA RBC=160 MGlKG SSL=480 MGlKG 
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10.8.7.2 Groundwater Migration and Surface Water Cross-Media Transport 

Tables 10.8.12 and 10.8.13 compare maximum detected organic and inorganic constituent 

concentrations respectively in shallow groundwater samples to risk-based concentrations for 

drinking water, and to chronic ambient saltwater quality criteria values for the protection of 

aquatic life (saltwater surface water chronic screening values). For inorganics, maximum 

concentrations in groundwater are screened against the greater of: (a) risk-based drinking water 

concentrations or (b) corresponding background reference concentrations for groundwater, and 

to the saltwater surface water chronic values. To provide a conservative screening, no attenuation 

or dilution of constituents in groundwater is assumed before comparison to the relevant standards. 

It should be noted that the risk-based pathway for shallow groundwater is currently an invalid 

pathway simply because there is no human consumption of the groundwater, e.g., there is no 

end-use receptor. This comparison is made for screening only, and to develop strategies for long- 

term management of the groundwater if an area containing deleterious levels is identified. 

One organic constituent was present at concentrations that exceeded its RBC (Figure 10.8.2). 

Methylene chIoride was detected in two of four samples during the first-round of sampling, but 

has been nondetect since. The only other VOC in groundwater - acetone - had a similar detection 

history. These data suggest that methylene chloride and arsenic may be relics of the drilling 

process (carry-down) . At the very least, the absence of methylene chloride in subsequent sampling 

invalidates the risk-based pathway for that constituent. 

Two inorganics were detected at concentrations that exceeded their respective RBCs. Arsenic was 

detected in three of four samples in the first and fifth sampling rounds. All concentrations were 

greater than the zone-specific background and significantly above the RBC. The wide occurrence 

of arsenic indicates a notable residual mass to be considered in further analysis. Thallium was 

nondetect in site soil, and was detected in two of four samples during the fourth sampling round, 

but slightly exceeded the RBC . Figure 10.8.7 presents thallium concentrations detected at 
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AOC 687lSWMU 16. Thallium has been intermittently detected in zone media, and, as a result, 

the source is unknown, but not likely to be associated with any particular site. Rather, the data 

indicate that it is associated with either native lithology or is a constituent of non-native fill. The 

pathway for thallium is valid chemically, but the significance is questionable due to the 

inconsistent detections and the low concentrations. 

Copper and nickel were detected in groundwater at concentrations that exceeded their respective 

surface water screening values. Copper was only exceeded in one of four samples during sixth 

sampling round of sampling; detections over the last year have been sporadic, but have still 

exceeded the surface water screening level. Figure 10.8.8 presents copper concentrations detected 

at AOC 687lSWMU 16. Nickel was detected in only one of four samples during the last round 

of sampling; detections have decreased in number over the four rounds of sampling, but detected 

concentrations have varied. Figure 10.8.9 presents nickel concentrations detected at 

AOC 687tSWMtT 16. Both parameters were detected in site soil, but are unlikely to be residual 

from site activities. The Cooper River is immediately adjacent to this AOC, and groundwater flow 

is consistent with a discharge to the river. Therefore, the pathway is considered chemically valid, 

but further analysis should incorporate collection of empirical data from the surface 

water'samples, as well as quantification of dispersion along the flowpath and dilution upon 

discharge. 

10.8.7.3 Soil-to-Sediment Cross-Media Transport 

Tables 10.8.12 and 10.8.13 summarize parameters detected and their maximum concentrations in 

site sediment. Sediment was sampled from a drainage ditch east of the site specially to 

characterize potential contamination entrained in surface water runoff from the site. 



ZONEI-  RCRA 
ZONE I SEDIMENT SAMPLE LOCATION FACILITY lNVESTlGATlON 
MONITORING WELL LOCATION NAVAL BASE CHARLESTON 
ZONE I SOlL BORING LOCATION 

12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
CHARLESTON SC 

12 30 ZONE I SUBSURFACE SOlL CONC (MGIKG) 
12 30 MAXIMUM QUARTERLY GW CONC (UGIL) 
NS NO SAMPLE TAKEN 
ND NON DETECT AOC 687 

her. 
THALLIUM 

ZONE l EXCEEDANCES 

SCALE 
SOlL AND GW CONCENTRATIONS 

20 0 20 40 Feet 
MCL=2 UGlL RBC= 55 MGlKG SSL=.36 MGIKG 
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ZONE I SEDIMENT SAMPLE LOCATION FACILITY INVESTIGATION 
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12 30 ZONE I SURFACE SOlL CONC (MGIKG) 
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COPPER 
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Several semivolatile and pesticide/herbicide compounds detected in sediment were not present in 

site surface soil. Their occurrence is not unexpected, given the site setting. The drainage ditch 

area receives runoff from the adjacent access road, which is likely laden with semivolatiles, and 

the ditch area is likely to have received pesticides and herbicides from routine application over the 

years. The absence of these constituents in site surface soil clearly eliminates the site as their 

source. 

Most inorganic parameters detected in sediment are similar in nature and concentration to those 

present in surface soil. The similarity in the data suggests that the site could have been their 

source, or that the sediment in the ditch is really periodically inundated surface soil. 

10.8.7.4 Soil-to-Air Transport 

Two VOCs were detected in site surface soil: acetone and methylene chloride. However, all 

concentrations were far below their soil-to-air SSL, thus, the pathway is not expected to be 

significant for this site. 

10.8.7.5 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Two organics were detected at concentrations above their SSL: methylene chloride and beta-BHC. 

Methylene chloride was present in only one of four surface samples, and was nondetect in 

subsurface soil. Although it was nondetect in subsurface soil, the additional presence of 

acetone in soil and both of these organics in groundwater suggests that the soil-to-groundwater 

pathway has merit. 

r Beta-BHC was present in only one surface and one subsurface soil sample at a concentration 

slightly exceeding its SSL. The low concentrations and limited lateral persistence suggest that 
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the pathway is not significant, although it is valid. The pathway's lack of significance is 

substantiated by its absence in groundwater. 

Inorganics 

Three inorganics were present in soil at levels that exceeded their SSLs: arsenic, chromium, and 

manganese. 

Arsenic and chromium were widely detected, but were below the zone-specific backgrounds 

in all samples. 

Manganese, also widely detected, was below background in all subsurface samples. 

A11 three inorganics are commonly detected in Zone I soil. The presence of both arsenic and 

chromium at concentrations exceeding SSLs in subsurface soil validates the soil-to- 

groundwater pathway for both, while the absence of manganese in subsurface soil suggests that 

site soil may be not be a significant source of manganese flux to groundwater. However, the 

background concentration of each constituent should be the point of departure for risk 

management. 

Groundwater Ingestion and Migration to Surface Water Pathways 

Organics 

Only one organic parameter was detected at a concentration exceeding its RBC: methylene 

chloride. 

This parameter was detected in two of four samples in the first-round, but has been absent 

since. Acetone was the only other organic parameter in groundwater, and its detection history 
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was similar. These data suggest that their presence may well be a relic of the drilling process, 1 

and their absence since the first-round invalidates the ingestion pathway for both. 2 

Inorganics 

Two inorganics were present at levels that exceeded their RBCs: arsenic and thallium. Copper 

and nickel were detected at concentrations exceeding their surface water screening values. 

Arsenic was present in three of four samples, and has exceeded the zone-specific background 

in most samples. The data suggest that most of the groundwater mass underlying the site 

should be considered in risk management with respect to this parameter. 

Thallium was present in two samples during the fourth sampling round only. It has been 

intermittently detected at low concentrations at Zone I, and its presence does not seem to be 

associated with any particular site, The pathway for thallium is valid chemically, but the 

significance is in question due to the inconsistent detections and the low concentrations. 

Copper has been intermittently detected over the last sampling rounds, at concentrations 

generally greater than the surface water screening values. The frequency of nickel detections 

has decreased over the last sampling rounds, but the concentrations have varied. 

The Cooper River is immediately adjacent to the site, and the flowpath direction is consistent 

with a discharge to the river. Therefore, this pathway is considered valid and further analysis 

should incorporate collection of empirical data from the river along the discharge boundary, 

as well as quantification of dispersion along the flowpath and dilution at the discharge point. 
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Soil-to-Sediment Pathway 1 

Organics 2 

A significant number of organics - semivolatiles and pesticides/herbicides - were detected in 3 

sediment, but not in site surface soil. 4 

Both groups of chemicals are Iikely the result of runoff and routine application along the access 5 

road adjacent to the site. Their absence in site soil clearly eliminates the site as a source. 6 

Inorganics 

The inorganics detected in sediment were similar in concentration to those in surface soil. 

These parameters may be from the site runoff, or they may be present simply because the 9 

sediment is really periodically inundated surface soil. 10 

Soil-to-Air Pathway 11 

Two VOCs were detected in surface soil, but none exceeded the soil-to-air SSL, thus indicating 12 

the pathway is not significant. 13 

10.8.8 Human Health Risk Assessment 

10.8.8.1 Site Background and Investigative Approach 

AOC 687 consists of Building X-55, an earth covered ammunition storage bunker constructed in 

1942. The concrete walls and ceiling of the bunker are 4 feet thick. The entire structure is 

covered by 2 feet of soil. Surrounding the bunker, is a cement and soil containment berm 

designed to control the bunker door in the event of an explosion. The storage bunker is 

approximately 29 feet wide, 52 feet long, and 12 feet high. The area is surrounded by a chain-link 

fence. The AOC is located between Juneau Avenue and the Dredged Materials Area (DMA). The 

Cooper River and associated wetlands are to the east of the site across Juneau Avenue. 
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The bunker appears to have been used for ammunition storage since its construction in 1942. No 

other uses are known. At the time of the RFA, explosives and small arms ammunition were stored 

in the bunker. The magazine is currently empty, although no information is available regarding 

the dates of explosive/amrnunition removal. 

SWMU 16 (the earthen roof of Building X-55) has been associated with AOC 687 due to prior 

unauthorized storage of potentially hazardous material (empty paint containers). This paint 

container storage was identified as a one time occurrence and is not thought to represent a 

historical problem. Minor spills associated with the storage of the paint containers were cleaned 

and the paint containers themselves were removed from the site at the time of discovery. 

Soil was sampled in one round at the combined sites from the locations previously shown on 

Figure 10.8.1. Soil samples were collected from the four monitoring well borings advanced 

around the combined sites' perimeter. Samples were submitted for the standard suite of 

parameters (VOCs, SVOCs, metals, cyanide, pesticides, and PCBs) and organotins at DQO 

Level 111. One upper-interval duplicate sample was analyzed for the standard suite of parameters, 

plus organotins at DQO Level IV. Two sediment samples were collected from the surface 

interval. These two samples, 687M0001 and 687M0002, were collected from a drainage ditch 

immediately east of the site to characterize potential contamination from surface water runoff 

within the site area. The two sediment samples collected were analyzed for organotins and the 

standard suite (VOCs, SVOCs, metals, cyanide, pesticides and PCBs) at DQO Level 111. They 

were also analyzed for TOC and grain size. One duplicate sample was analyzed for Appendix IX 

analysis at DQO Level IV. 

Four shallow groundwater monitoring wells were installed and sampled as part of the RFI at these 22 

combined sites. Groundwater was sampled in six-rounds at the combined sites. During the first 23 

sampling round, wells were sampled for the standard suite of parameters, organotins, chloride, 24 
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TDS, and sulfate at DQO Level 111. Samples from rounds two and three were analyzed for 

cyanide, and metals (6870004 was also sampled for chloride, sulfate, and TDS). Fourth-round 

samples were analyzed for chloride, cyanide, sulfate, metals, pesticides, PCBs, VOCs and TDS, 

Fifth-round samples were analyzed for metals and VOCs. Sixth-round samples were analyzed for 

metals, SVOCs and VOCs. Figure 10.8.2, shown previously, illustrates monitoring well 

locations. 

10.8.8.2 COPC Identification 

Surface SoiUSediment 

Based on the screening comparisons described in Section 7 of this WE and presented in 

Tables 10.8.14 and 10.8.15, the focus of this HHRA is on the following COPCs: benzo(a)pyrene 

equivalents, chlordane, chromium, and manganese. Residential soil RBCs and background 

concentrations were used in the sediment screening process. Aluminum and arsenic's maximum 

concentrations exceeded their RBCs; however, they did not exceed their background 

concentration. The results of Wilcoxon rank sum test analyses did not result in the inclusion of 

any inorganic parameters which had been screened out on the basis of background concentration 

comparisons. 

Groundwater 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.8.16, this HHRA focuses on the following COPCs: arsenic, chromium, thallium, and 

methylene chloride. Manganese's maximum concentration exceeded its RBC but not its 

background concentration. The Wilcoxon rank sum test analyses did not result in the inclusion 

of any parameter as a groundwater COPC. 
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10.8.8.3 Exposure Assessment 

Exposure Setting 

AOC 687 consists of Building X-55, an earth covered ammunition storage bunker constructed in 

1942. The concrete walls and ceiling of the bunker are 4 feet thick. The entire structure is 

covered by 2 feet of soil. Surrounding the bunker, is a cement and soil containment berm 

designed to control the bunker door in the event of an explosion. The storage bunker is 

approximately 29 feet wide, 52 feet long, and 12 feet high. The area is surrounded by a chain-link 

fence. The AOC is located between Juneau Avenue and the Dredged Materials Area (DMA). The 

Cooper River and associated wetlands are to the east of the site across Juneau Avenue. The future 

use of this combined AOC is not certain; however, it is in an area slated to become open buffer 

space in current base reuse plans. 

Since municipal water is readily available basewide, it is highly unlikely that the aquifer will be 

used as a source of potable or process water. Groundwater exposure pathways would not be 

completed if the municipal water supply is kept in place. As a highly conservative estimate of 

potential risWhazard due to groundwater pathways, residential and industrial scenarios were 

considered for the combined sites. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. Current exposure to workers is discussed 

quantitatively in relation to the future workers and future residents. The hypothetical future site 

worker scenario assumed continuous exposure to each impacted medium. Current site workers' 

exposure would be less than that assumed for the hypothetical future site worker because of limited 

soil and sediment contact. Therefore, future worker assessment is considered to conservatively 

represent current site workers. The resident child scenario was considered to conservatively 
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represent the adolescent trespasser. The future site resident scenario was built on the premise that 1 

existing features would be removed and replaced with dwellings. 2 

Exposure Pathways 

Exposure pathways for both receptor groups are dermal contact and incidental ingestion of surface 

soil and sediment. Ingestion and inhalation pathways were assessed for the shallow groundwater. 

The exposure pathways for future residents are the same as those for the future site worker. In 

addition, the hypothetical future site worker scenario assumed continuous exposure to sediment 

conditions. To conservatively account for potential exposure, standard soil exposure assumptions 

were applied to quantify sediment daily intake. This approach was based on the fact that sediment 

in the ditch along Juneau Avenue is seldom under water. Thus, the potential for contact is similar 

to that for surface soil. Uniform exposure was assumed for all sample locations. Table 10.8.17 

presents the justification for exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for data sets consisting of 

at least 10 samples. Fewer than 10 surface soil and sediment samples were collected; thus, the 

maximum concentration of each COPC was used to quantify exposure. A hot-spot approach was 

used to account for the limited extent of identified impacts. 

Table 10.8.18 summarizes the groundwater EPC determination. Four shallow monitoring wells 

were originally installed at this site and sampled once a round for six-rounds. Current EPA 

guidance favors the arithmetic mean in the most concentrated area of the plume as the EPC for 

groundwater COPCs. Groundwater COPCs cannot be associated with a single distinct plume. 

Instead each COPCs was assigned its own "pIumeM. In each case, a separate plume is defined by 

the monitoring well which produced the highest concentration for a given COPC. The EPC is 

calculated as the arithmetic mean of the six-rounds of data from the same well. For example, the 
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Table 10.8.17 
AOC 678 and SWMU 16 

Exposure Pathways Summary 

Potentially Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

This exposure pathway was considered 
entrained in fugitive dust insinnificant wmmred to thc other ~athwavs. 

Shallow groundwater. No Shatlow groundwater is not currently used as a 
Inhalation of volatilized shallow source of potable or non-residential water at the 
groundwater contaminants combined sites. 

Soil. Dermal contact No (&alified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses - - . - - - - - - 

Future Sue Residents Air, Inhalation of gaseaus No h t c  and transport screening did not identify 
(Child and Adult), Future contaminants emanating from any COPCs for this indirect exposure pathway. 
Sitc Worker soil 

Air. Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant cornoared to the other oathwavs. - 

Sballow groundwater. *ngestion Yes Shsltow grouodwar i s  not fihly to be used as 
of contnminaars during potahle I wcc of potable or nonlrsiQentia1 water at 
or general use the combined sites. This pathway was 

addressed as a conservarivc measure. 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Yes Shallow groundwater is not likely to be used as 
a source of potable or non-residential watpr at 
the combined sites. This pathway was 
addressed as a conservative measure. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. - - .  

Wild game or domestic No Hunting/taking of game andtor raising livestock 
animals, ingestion of tismc is prohibited within thc Charleston, South 
impacted by media Carolina, city limits. 
contamination 

Fruits and vegetables. Ingestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other 

exposure pathways assessed. 
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maximum arsenic detection (0.13 1 mglL) was from monitoring well 687002 sampled during the 

fifth-round. The first-round sample from this monitoring well had arsenic at a concentration of 

0.0332 mg/L; the second-round sample from this monitoring well had arsenic at a concentration 

of 0.0737 mg/L; the third-round sample from this monitoring well had an arsenic concentration 

of nondetect; the fourth-round sample was 0.0393 mg/L; the sixth-round sample from 687002 had 

arsenic at a concentration of 0.0583 mg/L. The data from the six-rounds and one-half of the SQLs 

for the nondetected results of the third-round (0.0025 rng1L) yield an average of 0.056 mgJL, 

which was used as the EPC for arsenic. This same approach was used for methylene chloride. 

Since no distinct plumes could be identified, the EPA guidance recommending the "mean in the 

plume" as EPC does not neatly apply to this site. As a conservative measure, 95% UCLs were 

also calculated and compared to the mean in the most concentrated area of the plume and the 

greater of the two was selected as the EPC for groundwater COPCs. Because their UCLs exceeded 

their means in the most concentrated area of the plume, UCLs were used for thallium and 

chromium EPCs. 

Quantification of Exposure 

Surface Soil/Sedimenf 

CDIs for ingestion and dermal contact with soil and sediments are shown in Tables 10.8.19 and 

10.8.20, respectively. 

Groundwater 

Table 10.8.21 presents the CDIs for the shallow groundwater exposure pathways. These CDIs 

apply to both ingestion and inhalation pathways. 



T
ab

le
 1

0.
8.

19
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

In
ci

de
nt

al
 In

ge
st

io
n 

of
 S

ur
fa

ce
 S

oi
l a

nd
 S

ed
im

en
t 

SW
M

U
 1

6 
an

d 
A

O
C

 6
87

 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

N
ot

es
: 

L
W

A
 

L
if

et
im

e-
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 c

ar
ci

no
ge

ni
c 

C
D

I,
 R

A
G

S 
Pa

rt
s 

A
 a

nd
 B

. 
C

D
I 

C
hr

on
ic

 d
ai

ly
 in

ta
ke

 in
 m

g/
kg

-d
ay

 
H

-C
D

I 
C

D
I f

or
 h

az
ar

d 
qu

ot
ie

nt
 

C
-C

D
I 

C
D

I f
or

 e
xc

es
s c

an
ce

r r
is

k 
* 

R
ef

le
ct

s 
th

e 
es

tim
at

ed
 f

ra
ct

io
n 

of
 th

e 
si

te
 im

pa
ct

ed
 b

y 
th

e 
co

rr
es

po
nd

in
g 

C
O

PC
. Fu

tu
re

 
Fu

tu
re

 
W

or
ke

r a
du

lt 
W

or
ke

r 
ad

ul
t 

H
-C

D
I 

C
-C

D
I 

(m
dk

g-
da

y)
 

(m
gf

kg
-d

a~
) 

Fr
ac

tio
n 

E
xp

os
ur

e 
In

ge
st

ed
 fr

om
 

Po
in

t 
C

on
ta

m
in

at
ed

 C
on

ce
nt

ra
tio

n 
C

he
m

ic
al

 
So

ur
ce

* 
(J

W
dk

g)
 

C
hr

om
iu

m
 (C

r)
 

1 
40

.3
 

M
an

ga
ne

se
 (M

n)
 

1 
48

2 
B

en
zo

(a
)p

yr
en

e 
E

qu
iv

al
en

ts
 

1 
1.

31
 

C
hl

or
da

ne
 

1 
5.

25
 

I 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t a
du

lt 
R

es
id

en
t c

hi
ld

 
R

es
id

en
t l

w
a 

H
-C

D
I 

H
-C

D
I 

C
-C

D
I 

(m
g

k
-d

a
~

) 
(m

g
k

g
-d

a~
) 

(m
gf

lc
g-

da
~)

 

5.
52

E
-0

5 
5.

15
E

-0
4 

6.
3 

1 E
-0

5 
6.

60
E

-0
4 

6.
16

E
-0

3 
7.

55
E

-0
4 

1.
79

E
-0

6 
1.

67
E

-0
5 

2.
04

50
6 

7.
19

E
-0

6 
6.

71
 E

-0
5 

8.
22

E
-0

6 

1.
97

E
-0

5 
7.

04
E

-0
6 

2.
36

E
-0

4 
8.

42
E

-0
5 

6.
38

8-
07

 
2.

28
E

-0
7 

2.
57

E
-0

6 
9.

17
E

-0
7 



T
ab

le
 1

0.
8.

20
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

D
er

m
al

 C
on

ta
ct

 w
ith

 S
ur

fa
ce

 S
oi

l a
nd

 S
ed

im
en

t 
SW

M
U

 1
6 

an
d 
A
O
C
 6

87
 

C
ha

rl
es

to
n 

N
av

al
 C

om
pl

ex
 

C
ha

rl
es

to
n,

 S
ou

th
 C

ar
ol

in
a 

C
hr

om
iu

m
 (

C
r)

 
M

an
ga

ne
se

 (
M

n)
 

B
en

zo
(a

)p
yr

en
e 

E
qu

iv
al

en
ts

 
C

hl
or

da
ne

 

E
xp

os
ur

e 
Fr

ac
tio

n 
D

er
m

al
 

Po
in

t 
C

on
ta

ct
ed

 fr
om

 
A

bs
or

pt
io

n 
C

on
ce

nt
ra

tio
n 

C
on

ta
m

in
at

ed
 

Fa
ct

or
+ 

C
he

m
ic

al
 

(m
gl

kg
) 

So
ur

ce
 * 

(u
ni

tl
es

s)
 

N
ot

es
: 

C
D

I 
C

hr
on

ic
 d

ai
ly

 in
ta

ke
 in

 m
gk

g-
da

y 
H

-C
D

I 
C

D
I 

fo
r h

az
ar

d 
qu

ot
ie

nt
 

C
-C

D
I 

C
D

I 
fo

r e
xc

es
s 

ca
nc

er
 ri

sk
 

-
t 

T
he

 d
er

m
al

 a
bs

or
pt

io
n 

fa
ct

or
 w

as
 a

pp
li

ed
 to

 th
e 

ex
po

su
re

 p
oi

nt
 c

on
ce

nt
ra

tio
n 

to
 r

ef
le

ct
 th

e 
di

ff
er

en
t t

ra
ns

-d
er

m
al

 m
ig

ra
ti

on
 o

f i
no

rg
an

ic
 v

er
su

s 
or

ga
ni

c 
ch

em
ic

al
s 

* 
R

ef
le

ct
s 

th
e 

es
tim

at
ed

 E
ra

ct
io

n 
of

 th
e 

si
te

 im
pa

ct
ed

 b
y 

th
e 

co
rr

es
po

nd
in

g 
C

O
PC

. 
m

g
k

g
 

M
ill

ig
ra

m
s 

pe
r 

ki
lo

gr
am

 
m

gk
g-

da
y 

M
ill

ig
ra

m
s 

pe
r 

ki
lo

gr
am

 p
er

 d
ay

 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t a
du

lt
 R

es
id

en
t c

hi
ld

 R
es

id
en

t l
w

a 
H

-C
D

I 
H

-C
D

I 
C

-C
D

I 
(m

gk
g-

da
y)

 
(m

gk
g-

da
y)

 
(m

gk
g-

da
y)

 

Fu
tu

re
 

Fu
tu

re
 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
-C

D
I 

C
-C

D
I 

(m
g/

kg
-d

ay
) 

(m
gk

g-
da

y)
 



T
ab

le
 1

0.
8.

21
 

C
hr

on
ic

 D
ai

ly
 I

nt
ak

es
 

In
ge

st
io

n 
of

 C
O

PC
s 

in
 S

ha
llo

w
 G

ro
un

dw
at

er
 

SW
M

U
 1

6 
an

d 
A

O
C

 6
87

 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

A
rs

en
ic

 
T

ha
lli

um
 

M
et

hy
le

ne
 C

hl
or

id
e 

C
hr

om
iu

m
 

E
xp

os
ur

e 
Po

in
t 

C
on

ce
nt

ra
tio

n 
C

he
m

ic
al

 
(m

g/
lit

er
) 

N
ot

es
: 

L
W

A
 L

if
et

im
e-

w
ei

gh
te

d 
av

er
ag

e 
C

D
I 

C
hr

on
ic

 d
ai

ly
 in

ta
ke

 
H

-C
D

I 
C

D
I 

fo
r h

az
ar

d 
qu

ot
ie

nt
 

C
-C

D
I 

C
D

I f
or

 e
xc

es
s c

an
ce

r 
ri

sk
 

Fu
tu

re
 

Fu
tu

re
 

Fu
tu

re
 

R
es

id
en

t a
du

lt 
R

es
id

en
t c

hi
ld

 
R

es
id

en
t l

w
a 

H
-C

D
I 

H
-C

D
I 

C
-C

D
I 

(W
id

kg
-d

a~
) 

(m
g

b
-d

a
~

) 
(m

gl
kg

-d
a~

) 

Fu
tu

re
 

Fu
tu

re
 

W
or

ke
r a

du
lt 

W
or

ke
r a

du
lt 

H
-C

D
I 

C
-C

D
I 

(m
g/

kg
-d

a~
) 

(m
g/

kg
-d

a~
) 



Zone I RCRA Faciliry Investigation Report 
Charleston Naval Complev 
Section I 0  - Site-Specific Evaluations 
Revision: 0 

10.8.8.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7. of this report. Table 10.8.22 

presents toxicological information specific to each COPC identified at the combined sites. Brief 

toxicological profiles for each COPC are provided in the folIowing paragraphs. 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et aI., 1986). USEPA set 0.3 pglkgday as the RfD for arsenic 

based on a NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the nervous 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which established the 1.5 (mglkg-day)-' SF. As listed in IRIS, the basis for the 

classification is sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation. Also, increased 

mortality from multiple internal organ cancers (liver, kidney, Iung, and bladder) and an increased 

incidence of skin cancer were observed in populations consuming drinking water high in inorganic 

arsenic. Human milk contains about 3 ,uglL arsenic. The tap-water RBC for arsenic is 

0.045 ,ug/L. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, keratosis, 

and possible vascular complications. The uncertainty factor was determined to be 3 and the 

modifying factor was determined to be 1. 



'F
o

l
k

o
w

 Re
f- 

In
ro

rn
u

ti
o

n
 

h
r 

C
h

en
W

s o
lP

m
ti

d
 C

m
c
rm

 

SW
M

U
 1

6 
m

d
 A

O
C

 6
87

 

C
h
.r

b
m

lo
n
 N
m
l
 C
o
m
p
k
x
 

C
h

a
rh

io
n

, 
S

ou
th

 C
a
re

lm
a
 

-
-
 

O
ra

l 

R
ck

m
nc

e 
D

ol
e 

C
o

n
fid

cn
e

 

(
M

a
y

)
 

L
w
d
 

C
ri

ti
td

 E
ll

a
 

U
n

ct
ri

am
ly

 
In

h
a
la

tio
n
 

U
n
ce

rt
a
in

ly
 

O
d

S
lo

p
 

In
h
a
la

tio
n
 

W
ri

g
h

t 

F
ac

eo
r 

R
tT

em
nc

c 
D

o=
 

C
o

n
fh

n
c

e
 

F
a

ct
o
r 

F
a
ct

o
r 

S
lo

pe
 F

a
ct

o
r 

o
f 

T
u
m

o
r 

O
ra

l 
(--

da
y)

 
h

v
tl

 
C

ri
tic

a
l E

lT
ec

t 
In

h
a

la
tio

n
 

(k
g
-d

sy
lm

g
) 

(k
t-

d
a
yl

m
g
) 

E
vi

de
nc

e 
T

Y
P

 

hy
p=

rp
i(l

rm
nl

lfi
on

 

N
 A

 

l
i

v
~

 
hy

pt
rr

m
ph

y 

N
 A
 

N
 A

 

n
cu

ro
lo

g
id

 &
&

 

liv
er

 to
xi

ei
ry

 

i
n

d
 

SC
O

T
 (l

iv
er

) i
n

cr
ca

ed
 su

um
 L
D
H
 

N
 A

 

N
 A
 

N
 A
 

N
 A

 

N
 A 

n
a
rr

o
lo

g
im

l &
s
g
 

liv
er

 to
xi

ci
ty

 

N
 A

 

v
m

ia
u

 

m
rr

g
cn

 
l
i
i
 ur
ri
mr
m 

N
A

 

lu
g

 

N
A

 

li
w

r 
m

d
 lu

n8
 n

eo
pl

w
na

 

N
 A
 

N
o'

ol
cs

. a
 - ln

te
g
n
te

d
 Ri
sk
 I

n
fo

d
m

 S
ys

te
m

 (I
R

IS
) 

b
 - E

PA
 N

C
E

A
 - C

in
ci

nn
at

i @
m

vi
si

a
u

l)
 

c 
=

 R
fD

o 
fo

r 
th

a
lli

u
m

 m
lfm

e 
co

rr
ec

te
d 

fo
r 

th
e 

di
ffe

re
nc

e 
in

 m
ol

m
lt

tw
m

gh
t b

et
w

ee
n 

th
al

liu
m

 m
d 

th
al

liu
m

 s
ul

fa
te

 

N
A
 =

 N
or

 a
pp

lic
ab

le
 o

r 
n

d
 a

va
ila

bl
e 

H
 =
Hi
& 

m
nl

id
cn

cc
 

L
 =
l
a
w
 co

nf
id

cn
cc

 

M
 
- M

ed
iu

m
 a

m
fid

m
a 

m
g/

lg
-d

ay
 

=
M

ill
ig

ra
m

s 
pe

r 
ki

lo
gr

am
 p

cr
 d
y
 

kg
id

ay
lr

ng
 - K

iio
g

ra
m

 p
er

 &
ay

 p
er

 m
ill

ig
nm

 



Zone I RCRQ Facility Invesrigafion Report 
Charleston Naval Complex 
Section 10 - Site-SpecGc EvaluaCions . . 

Revision: 0 

Benzu(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b) fluoranthene 

Benzo(k) fluoranthene 

Chrysene 

Dibenz(a, h)anthracene 

Indeno(l,2,3-cd)pyrene 

TEF 0.1 

TEF 1.0 

TEF 0.1 

TEF 0.01 

TEF 0.001 

TEF 1.0 

TEF 0.1 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for these PAHs due to a lack of data. 

All PAHs Iisted above are classified by USEPA as B2 carcinogens, and their carcinogenicity is 

addressed relative to that of benzo(a)pyrene, which has an oral SF of 7.3 (mg/kgday)-'. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been classified as such due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar, 

soot, cigarette smoke). As listed in IRIS, human data specifically linking benzo(a)pyrene to a 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section provides information on the aspects of the carcinogenic risk assessment for the agent in 
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question: the USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 

presented as the risk per mg/kgday. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per ,!.~glm~ air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 

Chlordane is a polycyclic chlorinated pesticide. Acute exposure to high doses of chlordane causes 

tremors and convulsions. Chronic exposure can cause emotional and neuromuscular disturbances. 

Exposed individuals revert to normal approximately one week after the source is removed 
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(Dreisbach, et al., 1987). USEPA has established an oral RfD of 5E-4 mglkgday and an oral SF 

Chromium exists in two stable, natural forms: CrIII and hexavalent CrVI. Acute exposure to 

chromium can result in kidney damage following oral exposure or damage to the nasal mucosa and 

septum following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney 

and respiratory tract damage, as well as excess lung cancer in both animals and humans following 

occupational exposure. Only CrVI is thought to be carcinogenic by inhalation (IRIS). Oral RfD 

values for CrIII and CrVI are 1.0 and 5E-03 (mglkg-day), respectively. For CrVI, the RfD is 

based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological changes 

observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 

exposures, and an inhalation SF of 41 (mglkg-day)-' has been established for the hexavalent form. 

Vitamin supplements contain approximately 0,025 mg of chromium. As listed in IRIS, no critical 

effects were observed for CrIII. The uncertainty factor was 100 and the modifying factor was 10. 

As listed in IRIS, no critical effects were observed for CrVI. The uncertainty factor was 500 and 

the modifying factor was 1. 

Manganese is an essential nutrient, but chronic exposure (0.8 mglkgday) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986); 

Dreisbach et al., 1987). USEPA determined the RfD to be 0.14 mg/kg-day based on dietary 

uptake. USEf A recommended using a modifying factor of 3 when estimating intake from water. 

In addition, the body roughly absorbs twice as much manganese in water as it does in food. 

Because of the different uptake rates in water and food, two RfDs were used in this HHRA - one 

for water and one for food. The RfDs used are 0.047 and 0.023 mglkgday, respectively. 

Inhalation of manganese dust causes neurological effects and increased incidence of pneumonia. 

An inhalation RfD was set to 1.43E-05 mglkg-day. According to USEPA, manganese cannot be 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Site-Specijic Evaluations 
Revision: 0 

classified as to its carcinogenicity. Therefore, its cancer class is group D. As listed in IRIS, this 

classification is based on studies that are inadequate to assess the carcinogenicity of manganese. 

Manganese is considered essential to human health; the typical vitamin supplement dose is 2.5 

mg/day. As listed in IRIS, the critical effects of this chemical in water in the oral summary are 

CNS effects. The uncertainty factor was 1 and the recommended modifying factor of 3 was used 

to estimate soil and groundwater intake. This chemical critically affects the CNS. As listed in 

IRIS, critical effect in the inhalation summary is neuro behavioral impairment. For inhalation 

uptake, the uncertainty factor was 1,000 and the modifying factor was 1. The IRIS RfC is 5E-05 

Methylene chloride also known as dichlorornethane, is a colorless liquid is widely used as a 

solvent for various purposes. Available data indicate that the central nervous system is the 

primary target of inhaled methylene chloride in humans, rats, mice, guinea pigs, and dogs (Fodor, 

and Winneke 1971; Winneke 1974; Rebert et al., 1989; Savolainen et al., 1981). Other acute 

human effects following exposure to methylene chloride include irritation of eyes, skin, and 

respiratory tract, elevated carboxyhemoglobin levels, and circulatory disorders that may be fatal. 

There are no studies in humans on the effects of acute oral exposure to methylene chloride. No 

data are available on the adverse health effects in humans after chronic exposure to methylene 

chloride via any route. Studies in animals suggest that the liver is a target organ following chronic 

inhalation and oral exposure (Kirschman et al,, 1986; Serata et al., 1986b). 

In several chronic studies, methylene chIoride was administered to experimental animals, either 

orally or by inhalation. Inhalation studies in animals show a dosedependent, statistically 

significant increase in liver and lung adenomas and carcinomas in mice, and benign mammary 

gland tumors in rats following two year's exposure to methylene chloride (Serata et al., 1986a,b; 

Burek et al., 1984; Nitschke et al., 1988a; NTP, 1986). However, there is only suggestive 

evidence of a treatment-associated increase in combined hepatocelluIar carcinomas and neoplastic 
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nodules provided in drinking water studies (USEPA 1985a,b). An in vivo screening test for 

carcinogenicity induction of lung adenomas in strain A mice gave suggestive positive results for 

methylene chloride (USEPA, 1980). USEPA's weight-of-evidence classification of methylene 

chloride is as a probable human carcinogen, Group 32. An oral RfD and inhalation RfD have 

been issued for methylene chloride as 6.00E-02 (IRIS) and 8.6E-01 (HEAST, 1996), respectively. 

Oral and inhaIation slope factors are 7.50E-03 and 1.65E-03, respectively (IRIS), 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, but its use for these purposes is now prohibited. This element 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 

USEPA's oral RfD for thallium is 7E-05 mglkg-day (Klaasen, et al., 1986; Dreisbach, et al., 

1987). The uncertainty factor used for thallium is 3,000. 

10.8.8.5 Risk Characterization 

Surface SoiltSediment Pathways 

Exposure to surface soil and sediment onsite was evaluated under both future residential and 

industrial (site worker) scenarios applying standard surface soil exposure assumptions. For these 

scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. For 

noncarcinogenic contaminants evaluated for future site residents, hazard was computed separately 

to address child and adult exposure. Tables 10.8.23 and 10.8.24 present the computed 

carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal contact with 

site surface soil and sediments, respectively. 
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Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for combined 

AOC 687 surface soil and sediment is 2E-05. The dermal pathway ILCR is 8E-6. Benzo(a)pyrene 

equivalents and chlordane were the primary contributors for each pathway. 

The computed hazard indices for the adults resident were less than 0.1 for the soil ingestion and 

dermal contact pathways. The computed hazard indices for the child ingestion and dermal contact 

pathways were 0.3 and 0.05, respectively. 

Future Site Workers 

Site worker ILCRs are 2E-06 and 3E-06 for the ingestion and dermal contact pathways, 

respectively. Benzo(a)pyrene equivalents and chlordane were the primary contributors for each 

pathway. The hazard indices for both pathways were below 0.1. 

The area which comprises combined AOC 687 is an reinforced earthen munitions bunker and 

associated driveway. Soil samples were taken around the perimeter of combined AOC 687. 

Sediment sampling was restricted to the ditch which runs perpendicular to the driveway along the 

road to the marina. Current site users have little chance of exposure to affected sediment as their 

principle function is maintenance and operation of the bunker proper. As a result, the risWhazard 

projections discussed above are considered gross overestimates should existing site features and 

functions be maintained under future use scenarios. 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both future residential and industrial 

scenarios. The ingestion and inhalation exposure pathways were evaluated assuming the site 

groundwater will be used for potable and/or domestic purposes and that an unfiltered well drawing 

from the corresponding water-bearing zone, will be installed. For non-carcinogenic contaminants 
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evaluated relative to future site residents, hazard was computed separately for child and adult 

receptors. Tables 10.8.25 and 10.8.26 presents the risk and hazard for the ingestion and 

inhalation exposure pathways, respectively. 

Hypothetical Site Residents 

The shalIow groundwater ingestion ILCR for hypothetical site residents is 1E-03, and the 

inhalation pathway ILCR was 1E-07. For the ingestion pathway, arsenic is the primary 

contributor to ILCR and methylene chloride is the sole contributor for the inhalation pathway. For 

the ingestion pathway, the hazard indices for the adult and child resident are 6 and 15, 

respectively. Arsenic and thallium were the primary contributors to hazard index estimates. 

Inhalation pathway hazard indices were less than 0.01 for adult and child receptors. 

Future Site Workers 

The shalIow groundwater risk posed to future site workers is 3E-04 and 3E-08 for the ingestion 

and inhalation pathways, respectively. For the ingestion pathway, arsenic is the primary 

contributor to ILCR and methylene chloride is the sole contributor for the inhalation pathway. For 

the ingestion pathway, the hazard index for the adult worker was 2 with arsenic as the primary 

contributor. The inhalation pathway hazard index was less than 0.01. 

Current S2e Workers 

Shallow groundwater is not currently used as a potable water source for combined AOC 687 or 

other areas of Zone I. In the absence of a completed exposure pathway, no threat to human health 

is posed by reported shallow groundwater quality. 

COCs Identified 

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard 

projected for this site. USEPA has established a generally acceptable risk range of 1E-04 to 
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1E-06, and a hazard index threshold of 1.0 (unity). In this H H W ,  a COC was considered to be 

any chemical contributing to a cumulative risk level of 1E-06 or greater andlor a cumulative 

hazard index above 1.0, if its individual ILCR exceeds 1E-06 or its hazard quotient exceeds 0.1. 

For carcinogens, this approach is relatively conservative because a cumulative risk level of 1E-04 

(and individual ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The COC selection method was used to more comprehensively evaluate 

chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the remedial goal 

option development. Table 10.8.27 presents the COCs identified on a medium-specific basis. 

Hypothetical Site Residents (future land use) 

Surface SoilISediment 

Benzo(a)pyrene equivalents and chlordane were identified as COCs for this scenario based on their 

contribution to sum ILCR. 

Future Site Workers (current land use) 

Benzo(a)pyrene equivalents were identified as COCs for this scenario based on their contribution 

to ILCR projections. 

Benzo(a)pyrene equivalents were detected in only one of two sediment samples and no surface soil 

samples collected at combined AOC 687. The impacted location (687M0002) is in a drainage 

ditch immediately adjacent to Juneau Avenue. Based on results for soil samples collected close 

proximity to the paint and munitions storage area, it does not appear that a source related to 

current or past operations exists. The benzo(a)pyrene equivalents detected in the impacted 

sediment sample may have originated with road asphalt and/or roadbase material. 
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Hypothetical Site Residents Cfuture land use) 

Groundwater 

The carcinogenic COC identified in shallow groundwater is arsenic based on its contribution to 

cumulative residential ILCR projections. Arsenic, chromium, and thallium were identified as 

groundwater pathway COCs based on their contribution to cumulative residential HI projections. 

Future Site Workers (current land use) 

The carcinogenic COC identified in shallow groundwater is arsenic based on its contribution to 

cumulative ILCR. Arsenic and thallium were identified as groundwater pathway COCs based on 

their contribution to cumulative industrial HI projections. 

The extent of the COCs identified in shallow groundwater are briefly discussed below. Arsenic 

was detected at a concentration exceeding its tap-water RBC (0.045 pg1L) in 13 shallow 

groundwater samples. Six samples exceeded the background value (23 pglL) for arsenic. Three 

samples exceeded the MCL of 50 pg1L. Thallium was detected at concentrations exceeding its 

tap-water RBC (0.26 pglL) in two fourth-round groundwater samples (687001 and 687002). 

Thallium also exceeded its MCL (2 pglL) in these fourth-round groundwater samples. Chromium 

was detected at concentrations exceeding its tap-water RBC (18 pglL) and background value 

(14.3 pg/L) in three sixth-round groundwater samples (687001, 687003, and 687004). 

10.8.8.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly conservative and would tend to overestimate exposure. 

Current site workers are infrequently exposed to sediment onsite. The area impacted by COPCs 
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is by a roadside ditch which runs perpendicular to the driveway leading to the munitions bunker 

along Juneau Avenue. As a result, minimal surface soil and sediment exposure would be 

expected. 

Residential use of the site would not be expected, based on current site uses features. Current 

reuse plans call for continued commercial/industriaI use of Zone I, specifically as open buffer 

space. If this area were to be used as a residential site, the munitions bunker would have to be 

removed along with asphalt surfaces, and surface soil and sediment conditions would likely change 

- the soils could be covered with landscaping soil, and/or houses. Consequently, exposure to 

current surface soil and sediment conditions would not be likely under a true future residential 

scenario. These factors indicate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at the combined sites for potable or industrial purposes. 

A basewide system provides drinking and process water to buildings throughout Zone I. This 

system is slated to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

screening scenario established to project risWhazard associated with shallow groundwater exposure 

is highly conservative, and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

The maximum concentrations of each surface soil COPC were applied as EPCs. Use of maximum 

detected concentrations as EPCs represents a conservative assumption and likely results in an 

overestimation of risk and hazard. 

The 95 % UCLs or arithmetic means of the detected concentrations were applied as the EPCs for 

groundwater. Region IV guidance states that the average concentration of each COPC in the most 
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concentrated area of the plume should be used as the EPC. Since a pIume cannot be readily 

defined, this guidance applies only marginally. Groundwater data variabiIity contributes greatly 

to uncertainty through spatial variability. Ninety-five percent UCLs were calculated to provide 

point estimates for groundwater to account for this uncertainty, thus providing an upper-bound 

estimate for modeling exposure. For any given COPC, the placement of monitoring wells in 

uncontaminated areas of the aquifer could cause a low bias on the 95% UCL. As a result, the 

arithmetic mean of detected concentrations was compared to the 95 % UCL and the larger value 

was selected as the EPC. To address uncertainty resulting from the selection of EPCs, risk/hazard 

maps were included in the risk summary section. The maps also provide additional perspective. 

Frequency of Detection and Spatial Distribution 

Surface Soil/Sediment 

Benzo(a)pyrene equivalents, chromium, and chlordane were detected at elevated levels in only one 

sediment sample (687M000201). This sample was collected in a stagnant area where sediment 

transported by surface water would tend to deposit. Manganese was detected in both sediment 

samples. Manganese exceeded the RBC, but not the background in one location (687M0002). 

Chromium and manganese were also detected in all four surface soil samples taken. The 

maximum chromium surface soil concentration (40 mglkg) was detected at 687SB004 and 

exceeded its RBC and background concentration. Manganese exceeded its RJ3C in three of the 

four surface soil samples taken (687SB001,687SB002, and 687SB004). The maximum manganese 

surface soil concentration (482 mglkg) was detected at 687SB004 and exceeded its RBC and 

background concentration. 

Groundwater 

Methylene chloride was detected in two of 12 shallow groundwater samples analyzed. One 

first-round sample (687002) exceeded the RBC. Arsenic is a naturally occurring inorganic 

constituent detected in 13 of 24 shallow groundwater samples. Thirteen results exceeded the RBC 
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and six results exceeded the background concentration of 23 pg1L. Thallium exceeded its RBC 

and MCL in two fourth-round shallow groundwater samples. Chromium exceeded its RBC and 

background concentration in three sixth-round shallow groundwater samples. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed beIow. 

Sut.face Soil/Sediment 

Of the CPSSs screened from formal assessment, none was reported at concentrations within 

approximately 10% of its RBC. This minimizes the likelihood of potentialIy significant 

cumulative risklhazard with respect to the eliminated CPSSs. Aluminum, and arsenic exceeded 

their RBCs, but these elements did not exceed the soil background concentrations used for 

comparison. Therefore, they were eliminated from formal assessment based on comparisons to 

corresponding background concentrations. 

Central tendency (CT) analysis was not formally performed for the combined sites' sediment (as 

surface soil), but a simplified approach was taken to assess the potential influences of CT 

assumptions. The central tendency assumption for residential exposure duration is nine years 

compared to the 30 year assumption for RME. The CT exposure frequency assumption is 

234 daystyear compared to 350 dayslyear RME. If all other exposure assumptions remain fixed, 

application of the CT exposure duration and frequency would result in risk projections 80% below 

the RME. At CT, the residential soil/sediment pathway-related risk (incidental ingestion and 

dermal contact) would drop from 3E-05 to 8E-06. 
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Although the combined sites' future land use is unknown, both the worker and residential exposure 1 

scenarios were assessed in this HHRA. Current base reuse plans call for conversion of the area 2 

to an open buffer space around a marine cargo terminal. As previously discussed, it is likely that 3 

these scenarios would lead to overestimates of risk and/or hazard. 4 

Groundwater 6 

Of the CPSSs screened from formal assessment, no CPSS was eliminated from formal assessment 

which was reported at concentrations approaching its RBC. Manganese exceeded its tap-water 

RBC, but not its background concentration. Therefore, it was eliminated from formal assessment 

based on comparison to background concentration. Results of the WiIcoxon rank sum test did not 

result in the inclusion of any inorganic element which would have otherwise been screened out of 

the assessment through comparison to the background concentration. 

Groundwater is not currently used as a potable water source at the combined sites, or on the CNC 

or in the surrounding area. Municipal water is readily available. As previously mentioned, it is 

highly unlikely that the site will be developed as a residential area, and it is unlikely that a potable 

use well would be installed onsite. If residences were constructed onsite and an unfiltered well 

were to be installed, it is probable that salinity and dissolved solids would preclude this aquifer 

from being an acceptable potable water source, 

Background Risk 

Surface Soil/Sediment 

Aluminum, and arsenic were detected in the combined sites surface soil or sediment at 

concentrations exceeding their RBCs. These elements were eliminated from consideration in the 

risk assessment based on comparison to corresponding background values. It is not unusual for 

naturally occurring or background concentrations of some elements to exceed risk-based 

concentrations. It is the risk assessment's function to identify excess risk andlor hazard, or that 
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which exceeds background levels. The following discusses the residential scenario risWhazard 

associated with background concentrations of aluminum, and arsenic. 

Aluminum: The maximum surface soil concentration of aluminum (19,300 mglkg) for the 

combined sites equates with hazard quotients of 0.3 and 0.01 for the residential child and site 

worker, respectively. The background value for aluminum (27,400 mglkg) results in hazard 

quotients of 0.04 and 0.02 for the residential child and site worker, respectively. 

Arsenic: The maximum surface soil concentration of arsenic (12.4 mg/kg) equates with ILCRs 

of 3E-05 and 5E-06 for the residential and site worker scenarios, respectively. The maximum 

reported concentration of arsenic equates with hazard quotients of 0.6 and 0.03 for the residential 

child and site worker, respectively. The background value for arsenic (21.6 mglkg) equates with 

ILCRs of 6E-06 and 8E-06, and hazard quotients of 0.1 and 0.05 for the residential and site 

worker scenarios, respectively. 

Groundwater 

Manganese was detected in groundwater samples at a concentration exceeding its M C .  This 

inorganic was eliminated from consideration in the risk assessment based on comparison to its 

background value. The following discusses the residential scenario risklhazard associated with 

background concentrations of manganese. 

The maximum reported concentration of manganese (3,290 pg/L) yielded hazard quotients of 4 

and 3 for the residential and site worker scenarios, respectively. Hazard quotients resulting from 

the background value for manganese (5,430 pglL) were 7 and 5 for the residential child and the 

site worker, respectively. 
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10.8.8.7 Risk Summary 

The risk and hazard posed by contaminants at the combined sites were assessed for the future site 

worker and the hypothetical future site resident under reasonable maximum exposure assumptions. 

For surface soil and sediment, the incidental ingestion and dermal contact pathways were assessed 

in this HHRA. For groundwater, ingestion and inhalation exposure pathways were assessed. 

Table 10.8.28 summarizes risk for each pathway/receptor group evaluated for the combined sites. 

Soil/Sediment - Residential Scenario 

The residential soil and sediment pathway COCs identified for the combined sites are 

benzo(a)pyrene equivalents, chlordane, and chromium. Figures 10.8.10 and 10.8.1 1 illustrate 

point risk and hazard estimates for the combined sites based on surface soil and sediment exposure 

pathways under a future residential scenario. Table 10.8.29 summarizes the risk and hazard 

contribution of each COPC at each sample location. This point risk map is based on the unlikely 

assumption that a potential future site resident will be chronically exposed to specific points. 

Exposure to surface soil conditions is more likely the result of uniform exposure to the soil 

conditions of the entire site (or exposure unit area) rather than specific points. With this in mind, 

risk maps supplemented by the tables are useful because they allow the reader to visualize how 

chemicals driving risk estimates are spatialIy distributed across the site. 

Only one sample location yielded ILCRs that were greater than 1E-06 (687M0002). 

Benzo(a)pyrene equivalents and chlordane were the primary contributors to risk estimate of 3E-05 

at 687M0002. Hazard estimates ranged from 0.04 at (687SB003) to 0.3 at (687M0002), with a 

mean hazard index of 0.2. 
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Table 10.8.29 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOC 687 and SWMU 16 
Charteston Naval Complex 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index Risk (E-06) 

Sediment 
687 0001 Chromium (Cr) 22.8 mglkg 0.063 NA 
687 0001 Manganese (Mn) 103 mglkg 0.030 NA 

Total 0.093 NA 

687 0002 Benro(a)pyrene equivalents 1304.65 uglkg NA 21.605 
687 0002 Chlordane 5250 uglkg 0.173 4.168 
687 0002 Chromium(Cr) 40.25 mglkg 0.1 10 NA 
687 0002 Manganese (Mn) 

Total 

Surface Soil 
687 BOO1 Chromium (Cr) 
687 BOO1 Manganese (Mn) 

Total 

203 mgkg 0.059 NA 
0.343 25.77 

25.2 mglkg 0.069 NA 
205 mglkg 0.060 NA 

0.129 NA 

687 BOO2 Chromium (Cr) 33.5 mglkg 0.092 NA 
687 BOO2 Manganese (Mn) 316 mglkg 0.092 NA 

Total 0.1 84 NA 

687 BOO3 Chromium(Cr) 10.55 mglkg 0.029 NA 
687 BOO3 Manganese (Mn) 49.75 mglkg 0.01 5 NA 

Total 0.043 NA 

687 8004 Chromium (Cr) 40 mglkg 0.110 NA 
687 8004 Manganese (Mn) 482 mg/kg 0.141 NA 

Total 0.250 NA 
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Soil - Site Worker Scenario 

The industrial soil and sediment pathway COCs identified for the combined sites are 

benzo(a)pyrene equivalents. Figure 10.8.12 illustrates point risk estimates for the combined sites 

based on soil and sediment exposure pathways under a future site worker/industrial scenario. 

Table 10.8.30 summarizes the risk and hazard contribution of each COPC at each sample location. 

Only one sample location yielded an ILCR greater than 1E-06 (687M0002). Benzo(a)pyrene 

equivalents were the primary contributor to risk at 687M0002, while chlordane was a secondary 

contributor. Risk estimates were 5E-06 at 687M0002. 

Groundwater - Residential Scenario 

Arsenic, chromium, and thallium were identified as groundwater pathway COCs. As shown in 

Table 10.8.31 and Figure 10.8.13, arsenic was the primary contributor to risk projections for the 

combined sites' groundwater. Methylene chloride was the secondary contributor. Risk estimates 

ranged from 3E-07 (68700301) to 3E-03 (68700205), with a mean ILCR of 4E-04. Arsenic was 

the primary contributor to hazard estimates, while methylene chloride was a secondary 

contributor, Figure 10.8.14 illustrates point hazard estimates for groundwater for the residential 

scenario. Hazard estimates ranged from 0.002 (68700301) to 28 (68700205), with a mean hazard 

index of 4. 

Groundwater - Industrial Scenario 

Arsenic, chromium, and thallium were identified as groundwater pathway COCs. As shown in 

Table 10.8.32 and Figure 10.8.15, arsenic was the primary contributor to risk projections for the 

combined sites' groundwater. Methylene chloride was the secondary contributor. Risk estimates 

ranged from IE-07 (68700301) to 1E-03 (68700205), with a mean ILCR of 2E-04. 
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Table 10.8.30 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Site Worker Scenario 
AOC 687 and SWMU 16 
Charleston Naval Complex 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index Risk (E-06) 

Sediment 
687 0001 Chromium (Cr) 22.8 mglkg 0.0031 NA 
687 0001 Manganese (Mn) 103 rnglkg 0.001 5 NA 

Total 0.0047 NA 

687 0002 Benzo(a)pyrene equivalents 1304.65 uglkg NA 4.39 
687 0002 Chlordane 5250 uglkg 0.0136 0.85 
687 0002 Chromium (Cr) 40.25 mgtkg 0.0056 NA 
687 0002 Manganese (Mn) 203 mglkg 0.0030 NA 

Total 0.0221 5.24 

Surface Soil 
687 BOO1 Chromium (Cr) 25.2 mglkg 0.0035 NA 
687 BOO1 Manganese (Mn) 205 mglkg 0.0030 NA 

Total 0.0065 NA 

687 6002 Chromium (Cr) 33.5 mglkg 0.0046 NA 
687 BOO2 Manganese (Mn) 316 mgfkg 0.0046 NA 

Total 0.0093 NA 

687 8003 Chromium (Cr) 10.55 mglkg 0.0015 NA 
687 BOO3 Manganese (Mn) 49.75 mglkg 0.0007 NA 

Total 0.0022 NA 

687 BOO4 Chromium (Cr) 40 mglkg 0.0055 NA 
687 8004 Manganese (Mn) 482 mglkg 0.0071 NA 

Total 0.01 26 NA 



Table 10.8.31 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 687 and SWMU 16 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

687 WOO1 01 Arsenic (As) 38.6 uglL 8.23 861.14 

687 WOO1 02 No COPCs NA NA 

687 WOO1 03 No COPCs NA NA 

687 WOO1 04 Thallium (TI) 5.2 uglL 4.16 NA 

687 WOO1 05 No COPCs NA NA 

687 WOO1 06 Arsenic (As) 3.3 ug1L 0.70 73.62 
687 WOO1 06 Chromium (Cr) 20.9 uglL 0.06 NA 

Total 0.76 73.62 

687 WOO2 01 Arsenic (As) 33.2 ug/L 7.07 740.67 
687 WOO2 01 Methylene chloride 15 uglL 0.02 2.04 
687 WOO2 01 Chromium (Cr) 2.1 ug1L 0.01 NA 

Total 7.10 742.70 

687 WOO2 02 Arsenic (As) 73.7 uglL 15.70 1644.19 

687 WOO2 03 No COPCs NA NA 

687 WOO2 04 Arsenic (As) 39.3 ug1L 8.37 876.75 
687 WOO2 04 Thallium (TI) 2.7 ug/L 2.16 NA 

Total 10.53 876.75 

687 WOO2 05 Arsenic (As) 131 uglL 27.91 2922.50 

687 WOO2 06 Arsenic (As) 58.3 uglL 12.42 1300.63 
687 WOO2 06 Chromium (Cr) 12.7 uglL 0.03 NA 

Total 1 2.46 1300.63 

687 WOO3 01 Methylene chloride 2 uglL 0.002 0.27 
687 WOO3 01 chromium (Cr) 

Total 

687 WOO3 02 No COPCs NA NA 

687 WOO3 03 Arsenic (As) 5.6 uglL 1.19 124.93 
687 WOO3 03 chromium (cr) 

Total 



Table 10.8.31 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 687 and SWMU 16 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

687 WOO3 04 No COPCs NA NA 

687 WOO3 05 Arsenic (As) 4.1 uglL 0.87 91.47 

687 WOO3 06 Arsenic (As) 4.3 uglL 0.92 95.93 
687 WOO3 06 Chromium (Cr) 20.7 uglL 0.06 NA 

Total 0.97 95.93 

687 WOO4 01 Arsenic (As) 6.3 ug/L 1.34 140.55 
687 WOO4 01 Chromium (Cr) 1.5 ug/L 0.004 NA 

Total 1.35 140.55 

687 WOO4 02 No COPCs N A NA 

687 WOO4 03 No COPCs NA NA 

687 WOO4 04 No COPCs NA NA 

687 WOO4 05 Arsenic (As) 8.2 ug/L 1.75 182.94 

687 WOO4 06 Arsenic (As) 3.3 uglL 0.70 73.62 
687 WOO4 06 Chromium (Cr) 26.1 ug/L 0.07 NA 

0.77 73.62 
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Table 10.8.32 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Site Worker Scenario 
AOC 687 and SWMU 16 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (E-061 

687 WOO1 01 Arsenic (As) 38.6 uglL 2.518 404.67 

687 WOO1 02 No COPCs NA NA 

687 WOO1 03 No COPCs NA NA 

687 WOO1 04 Thallium (TI) 5.2 ug/L 1.272 NA 

687 WOO1 05 No COPCs NA NA 

687 WOO1 06 Arsenic (As) 3.3 ug/L 0.215 34.60 
687 WOO1 06 Chromium (Cr) 20.9 uglL 0.082 NA 

Total 0.297 34.60 

687 WOO2 01 Arsenic (As) 33.2 ug/L 2.166 348.06 
687 WOO2 01 Methylene chloride 15 uglL 0.005 0.87 
687 WOO2 01 Chromium (Cr) 

Total 

687 WOO2 02 Arsenic (As) 73.7 uglL 4.808 772.64 

687 WOO2 03 No COPCs NA NA 

687 WOO2 04 Arsenic (As) 39.3 ug1L 2.564 412.01 
687 WOO2 04 Thallium (TI) 2.7 uglL 0.660 NA 

Total 3.224 412.01 

687 WOO2 05 Arsenic (As) 131 ug/L 8.545 1373.36 

687 WOO2 06 Arsenic (As) 58.3 uglL 3.803 61 1.20 
687 WOO2 06 Chromium (Cr) 12.7 uglL 0.050 NA 

Total 3.853 61 1.20 

687 WOO3 01 Methylene chloride 2 uglL 0.001 0.12 
687 WOO3 01 Chromium (Cr) 

Total 

687 WOO3 02 No COPCs NA NA 

687 WOO3 03 Arsenic (As) 5.6 uglt 0.365 58.71 
687 WOO3 03 Chromium (Cr) 1.7 uglL 0.007 NA 

Total 0.372 58.71 



Table 10.8.32 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Site Worker Scenario 
AOC 687 and SWMU 16 
Charleston Naval Complex 
Charleston, South Carolina 

AOC Location Round Parameter Concentration Units Hazard Index Risk (506) 

687 WOO3 04 No COPCs N A NA 

687 WOO3 05 Arsenic (As) 4.1 uglL 0.267 42.98 

687 WOO3 06 Arsenic (As) 4.3 uglL 0.280 45.08 
687 WOO3 06 chromium (Cr) 

Total 

687 WOO4 01 Arsenic (As) 6.3 uglL 0.41 1 66.05 
687 WOO4 01 Chromium (Cr) 1.5 uglL 0.006 NA 

Totat 0.417 66.05 

687 WOO4 02 No COPCs NA NA 

687 WOO4 03 No COPCs NA NA 

687 WOO4 04 No COPCs NA NA 

687 WOO4 05 Arsenic (As) 8.2 uglL 0.535 85.97 

687 WOO4 06 Arsenic (As) 3.3 ug/L 0.215 34.60 
687 WOO4 06 chromium (Cr) 

Total 
26.1 uglL 0.102 NA 

0.317 34.60 
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Arsenic was the primary contributor to hazard estimates, while methylene chloride, chromium, 

and thallium were secondary contributors. Figure 10.8.16 illustrates point hazard estimates for 

groundwater for the industrial scenario. Hazard estimates ranged from 0.001 (68700301) to 

9 (68700205), with a mean hazard index of 1 .  

10.8.8.8 Remedial Goal Options 

Surface SoilISediment 

RGOs for carcinogens were based on the lifetime-weighted average site resident as presented in 

Table 10.8.33 for surface soil and sediment. Hazard-based RGOs were calculated based on the 

hypothetical child resident. 

Groundwater 

Groundwater RGOs based on site residents and site workers are shown in Table 10.8.34. 

10.8.9 Corrective Measures Study (CMS) 

Based on the analytical results and the human health risk assessment for AOC 687 and SWMU 16, 

COCs requiring further evaluation through the CMS process have been identified for surface soil 

and groundwater. The site is currently in a moderately developed urban setting and risk to human 

health was evaluated under both the residential and industrial (site worker) scenarios. For these 

scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. Hazard 

was evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact 

scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1.0, if its 

individual risk exceeds 1E-06 or its hazard quotient exceeds 0.1. 
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BEQs, chlordane, and chromium were identified as soiI pathway COCs for AOC 687 and 1 

SWMU 16. Arsenic, chromium, methylene chloride, and thallium were identified as the 2 

groundwater COCs. Table 10.8.35 presents cumulative and COC-specific exposure risks and 3 

hazard quotients. 4 

5 

Risk-based remedial goals for surface soil and groundwater were presented in Tables 10.8.33 and 6 

10.8.34. Potential corrective measures for soil are presented in Table 10.8.36. 7 
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Table 10.8.35 
AOC 6871SWMU 16 

Cumulative and Chemical-Specific Exposure Risks and Hazard 

Risk Hazard 

Chemical Indust rial Residential Industrial Residential 

Soil 

BEQs 4.4E-6 2.28-5 ND ND 

Chlordane 8.SE-7 4.2E-6 0.0135 0.17 

Chromium ND 

Cumulative 5.25E-6 2.6E-5 0.019 0.28 

Groundwater 

Arsenic 3 .OE-4 1.3E-3 1.8 12 

Methylene CNoride 1.71E-7 7.4E-7 0.0009 0.006 

Note: 
ND = Not Detected 

Table 10.8.36 
AOC 687/SWMU 16 

Potential Corrective Measures 

Groundwater Arsenic, Chromium, Methylene a) No action 
Chloride. Thallium b) Monitoring 

C) Ex-situ physicallchemical treatment and discharge to POTW 
d) Ex-situ physicallchemical treatment and discharge through NPDES 
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Zone I RCRQ Faciliry Investigation Report 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluurions 

10.9 AOC 688 (Ammunition Storage Bunker) Building X-56 

AOC 688, an earth covered ammunition storage bunker identified as Building X-56, was 

constructed in 1942 as an ammunition storage magazine. The concrete waHs and roof of the 

structure are 4 feet thick. The structure is completely covered by approximately 2 feet of soil. 

Immediately north of the magazine itself is a cement and soil containment berm designed to control 

the metal doors of the bunker in the event of an explosion. The area is surrounded by a chain-link 

fence. This AOC is located between Juneau Avenue and the Dredged Materials Area. The 

Cooper River and associated wetlands lie east of the site across Juneau Avenue, 

The AOC, which was used originally as an ammunition bunker for an unknown period of time, 

was used as a lawnmower maintenance shop until approximately 1989, when it was again used for 

ammunition storage. A July 1989 environmental incident report documented the removal of five 

55-gallon drums of paint contaminated soil and rags from the entrance to the facility. During the 

1993 RFA 16 pounds of nitrogen based dynamite and 1,000 pounds of ammunition were stored 

in the bunker. 

Materials of concern are explosives and paint waste. Activities associated with the site are limited 

to storage of ammunition and explosives, paint and paint related materials, and lawn equipment 

maintenance. Potential receptors would likely be workers involved with any invasive activity. 

The Cooper River and adjacent wetlands are also potential ecological receptors. 

To hlfiIl CSI objectives, sediments were sampled in accordance with the final RFI work plan and 19 

Section 3 of this report. Soil samples not proposed in work plan were collected in accordance with 20 

Section 3. 21 
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Revision: 0 

10.9.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOC 688 in April 1998 at the locations shown on Figure 10.9.1. 

The fmaJ Zone I RFI work plan did not propose soil sampling; however, these samples were added 

at locations upgradient and downgradient from the original sediment sample points within the 

ditch. Because the ditch only contains water intermittently, these samples are more indicative of 

soil than sediment One upper- and lower-interval sample were collected from each boring. 

Samples were submitted for metals, pesticides, and PCBs analysis at DQO Level m. Table 10.9.1 

summarizes the soil sampling at AOC 688. 

Table 10.9.1 
AOC 688 

Soil Sampling Summnry 

Comments 

1 04/02@8 Upper - 2 (0) Mews, Pesticides and PCBs Not part of thc work plan 
tower - 2 (0) Mofals, Pesticides aid PCBs 

Note: 
( )  = Parentheses indicate number of samples proposed. 

Grid-based soil boring (GDI007) was advanced in the area of AOC 688 as shown in Figure 10.9.1. 

Upper-interval samples from this boring were analyzed for the standard suite of parameters. No 

lower-intervaI samples were collected from this boring. Results of sample analyses are presented 

in the nature and extent discussion of the combined sites and presented in Appendix D. 

10.9.2 Nature and Extent of Contamination in Soil 1 

Organic compound analytical data for soil are summarized in Table 10.9.2. Table 10.9.3 2 

summarizes inorganic results. Table 10.9.4 summarizes analytes detected in surface and 3 

subsurface soil at AOC 688. Appendix D contains a complete analytical report for all samples 4 

collected in Zone I. 5 





Zone I RCRA Facility Znvestigaion RepoH 
Charleston Naval Complex: 

Section 10 - Sire-Specific Evaluations 

Table 10.9.2 
AOC 688 

Organic Compound Annlytid Results for SoU(pglkg) 

Number of 
Samples 

Sample Lktection Detection RBc (upper) Exceeding 
Parameters Interval Frequency e Mean SSL (lower) RBC or SSL 

Pesticides and PCBs 

4,4'-DDD Upper 212 1.8 - 2.7 2.3 2,700 0 
Lower 212 5.9 - 28.0 17.0 8,900 0 

4.4'-DDE Upper 212 6.7 - 23.0 14.9 1.900 0 
Lower 212 12.0 - 74.0 43.0 27,000 0 

HeptacNor Epoxide Upper 212 0.94 - 5.7 3.3 70 
Lower 112 0.91 0.91 330 

delta-BHC Upper 012 ND ND 350 
Lower 112 0.48 0.48 1.8 

gamma-BHC Upper 112 0.34 0.34 490 0 
Lower 012 ND ND 4.5 0 

Notes: 
pglkg = micrograms per kilogram 
ND = Not DetectedINoi Determined 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Volatile Organic Compounds in Soil 

Toluene was detected in grid-based surface soil sample GDISB00701 at a concentration far below 

its RBC. 

Semivolatile Organic Compounds in Soil 

Three SVOCs were detected in grid-based surface soil sample GDISB00701: butylbenzylphthalate 

(98 pgtkg), benzo(b)fluoranthene (97 pglkg), and benzo(k)fluoranthene (120 pgtkg), All 

concentrations were far below their RBCs. 

Pesticides and PCBs in Soil 

Seven pesticides were detected in surface and subsurface soil samples at concentrations far below 

their RBCs or SSLs: 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, Heptachlor Epoxide, beta-BHC , 

delta-BHC , and gamma-BHC. 

Two pesticides were detected in grid-based surface soil sample GDISB00701 at concentrations far 12 

below their RBCs: endrin aldehyde (3.9 pglkg) and chlordane (2.2 pg/kg). 13 

The PCB Aroclor-1260 was also detected in surface soil sample GDISB00701 (23 pglkg) at a 14 

concentration far below its RBC. Appendix D contains the complete analytical data report for all is 

grid-based samples collected at Zone I. 16 

Inorganics in Soil 17 

Eighteen metals were detected in surface soil at AOC 688. Only manganese (588 mgikg) exceeded is 

its RBC and surface soil background concentration in sample 688SB00201. No other samples 19 

exceeded the RBC for surface soils. Twenty metals were detected in subsurface soil; however, 20 

no concentrations exceeded their SSLs and background values. 2 1 
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Nineteen metals were detected in grid-based surface soil sample GDISB00701. Chromium 

(47 mgtkg) exceeded its RBC and surface soil background concentration in this sample. All other 

metal concentrations in this sample were far below their RBCs and surface soil background values. 

10.9.3 Nature and Extent of Contamination in Groundwater 

No wells were proposed to be installed specifically for AOC 688 in the approved final RFI work 

plan. Groundwater samples were collected from a shallow/deep monitoring well pair 

(GDI0071GDI07D) near AOC 688. Both were sampled during six sampling events. During the 

first sampling round, these wells were sampled for chloride, cyanide, sulfate, metals, pesticides 

and PCBs, SVOCs, and VOCs. GDI00701 was also analyzed for TDS, while GDI07DO1 was 

analyzed for organotins during the first sampling round. During the second, third, and fourth 

sampling round, these wells were sampled for chloride, cyanide, sulfate, metals, pesticides and 

PCBs, SVOCs, VOCs, and TDS. During the fifth sampling round, these wells were samples for 

metals and SVOCs. A duplicate sample (analyzed for metals and SVOCs) was also collected from 

GDI007 during the fifth sampling round. During the sixth sampling round these wells were 

sampled for metals, SVOCs and VOCs, A duplicate sample (analyzed for metals, VOCS, and 

SVOCs) was also collected from GDI07D during the sixth sampling round. Results of these 

analyses are discussed with the nature and extent of AOC 688 and are presented in Appendix D. 

The shallow monitoring wells were installed at 12.5 ft bgs in the upper sand layer of the Wando 

Formation. Deep grid well GDI07D was installed at 44.4 feet bgs. A11 wells were installed in 

accordance with Section 3 of this report. 

The complete analytical data report for all grid-based samples collected in Zone I is presented in 

Appendix D. 
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VoIatile Organics in Groundwater 

No VOCs were detected in shallow or deep groundwater samples from grid-based wells 

GDI007fGDI07D. 

Semivolatile Compounds in Groundwater 

No SVOCs were detected in shallow or deep groundwater samples from grid-based wells 

GDI007lGDI07D. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow or deep groundwater samples from grid-based 

wells GDI007lGDI07D. 

Inorganics in Groundwater 

Eighteen metals were detected in groundwater samples from nearby shallow grid-based well 

GDI007. Lead (15.7 pg/L) exceeded its tap-water RBC, MCL, and shallow groundwater 

background concentration during the second sampling round at GDI007. All other metal 

concentrations at GDI007 were far below their tap-water RBCs, MCLs, and shallow groundwater 

background concentrations. Eighteen metals were detected at deep grid-based well GDI07D. All 

metal concentrations at GDI07D were far below their tap-water RBCs, MCLs, and deep 

groundwater background concentrations. 

10.9.4 Sediment Sampling and Analysis 18 

As proposed in the final Zone I RFI work plan, sediment was sampled at two locations shown on 19 

Figure 10.9.1. Samples 688M0001 and 688M0002 were collected in a drainage ditch east of 20 

Bunker X-56 that trends north-south. Because the ditch only contains water intermittently, these 21 

samples are more indicative of soil than sediment and will be compared to surface soil screening 22 

criteria. The purpose of these samples was to characterize potential contamination from surface 23 
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water runoff within the site area. The two samples were analyzed for the standard suite (VOCs, I 

SVOCs, metals, cyanide, pesticides and PCBs) at DQO Level III plus, TOC and grain size. 2 

10.9.5 Nature and Extent of Contamination in Sediment 

Table 10.9.4 summarizes analytes detected in sediments at AOC 688. Organic compound data for 

sediment are summarized in Table 10.9.5. Inorganic analytical data for sediment are summarized 

in Table 10.9.6. Appendix D contains a complete analytical data report for all samples collected 

in Zone I. 

Volatile Organic Compounds in Sediment 

The VOC 2-Butanone was detected in sample 688M000101 at a concentration of 2.0 pg/kg. This 

concentration is well below the listed RBC. 

Semivolatile Organic Compounds in Sediment 

No SVOCs were detected in sediments at AOC 688. 

Pesticides and PCBs 

Fifteen pesticides were detected in sediment samples at AOC 688. Most pesticide detections 

occurred in sample 688M000201, the downgradient location. All pesticide detections were below 

their listed RBCs. 

The PCB Aroclor-1260 was detected in sample 688M42000101 (98.0 pglkg) far below its RBC 

(320 pglkg). No other PCBs were detected in the upgradient soil sample or downgradient 

sediment and soil samples. 



Zone I RCRA Facility Investigafion Repon 
Charleston Naval Complex 
Section 10 - Site-Specific EvaIuatluatlons 

Table 10.9.5 
AOC 688 

Organic Compound Analytical Results for Sediment bg/kg) 

Frequency of Range of Number of Sample 
Parameters Detections Detection Mean RBCs Exceeding RBCs 

Vohtile Orgnnic Compounds 

2-B~tanonc W 2.0 2.0 4.700.000 N A 

Pesticides and PCBs 

4,4'-DDD 212 0.82 - 1.0 0.91 2.700 0 

Endosulfan I 1 I2 8.9 8.9 47.000 0 

Endosulfan sulfate 112 0.47 0.47 47.000 0 

Endrin 112 1.4 1.4 2.300 0 

Endrin aldehyde 212 2.9 - 5.0 3.95 2,300 0 

Heptachlor 112 0.17 0.17 140 0 

Heptachlor epoxide 212 0.56 - 0.59 0.575 70 0 

Medroxychlor 112 4.0 4.Q 39,000 0 

Notes: 
NL = Not Listed 
NA = Not ApplicablelNot AvailablelNot Analyzed 
pglkg = microgram per kilogram 
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Table 10.9.6 
AOC 688 

Inorganic Analytical R e s u b  for Sediment (mglk& 

Number of Samples 
Frequency of Range of Backgmund Exceediug 

Parameters Detections Detection Mean Concentration RBCs RBCs and Backeround 

h o r g d c s  

Aluminum EAI) 2/2 5,240 - 6,040 5,640 27,400 7,800 0 

Antlmony (Sb) 212 0.3 - 0.36 0.33 ND 3.1 0 

Arsenic (As) 2/2 2.9 - 3.8 3.4 21.6 -43 0 

Bar~um (Ba) 212 13.3 - 14.1 13.7 54.2 550 0 

Calcium (Ca) 212 128,000 - 167.000 147.500 NL NL NA 

Chromium (Cr) 212 14.5 - 15.8 15.2 34.5 39 0 

Copper (Cu) 212 8.3 - 10.7 9.5 240 310 o 

Iron (Fe) 2i2 4.260 - 5,400 4,830 M. NL N A 

Lead (Pb) 212 12.5 - 14.3 13.4 203 400 0 

Magmsium fMg) 2/2 1,850 - 2.570 2,210 NL NL N A 

Manganese (Mn) 2R 143 - 1% 170 419 160 0 

Nickel (Ni) 212 5.4 - 8.3 6.9 23.9 160 0 

Potassium (K) 212 740 - 922 83 1 NL NL N A 

Sodlum (Na) 2/2 478 - 552 515 NL NL NA 

Tin (Sn) 212 1.7 - 1.7 1.7 7.5 4.700 N A 

Zinc IZn) 212 68.1 -230 149 206 2,300 0 

Notes: 
NA = Not Applicable 
NL = Not Listed 
mglkg = milligram per kilogram 

Inorganics in Sediment I 

Seventeen metals were detected in sediment samples at AOC 688. Each metal was found at both 2 

sample locations. All metal concentrations detected in sediment samples were far below their 3 

RBCs. 4 
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10.9.6 Fate and Transport Assessment for AOC 688 

AOC 688, an earth-covered ammunition storage bunker identified as Building X-56 was 

constructed in 1942. It is located between Juneau Avenue and the Dredged Materials Area. The 

bunker reportedly was used once for the unauthorized storage of of paint in 1987. The bunker was 

also used as a lawnmower machine shop. Materials of concern are explosives and paint waste. 

Activities associated with the site are limited to storing small amounts of ammunition and 

explosives, Environmental media sampled as part of this investigation are surface and subsurface 

soil. Potential constituent migration pathways evaluated for AOC 688 are soil-to-groundwater, 

soil-to-sediment, and emission of volatiles from surface soil-to-air. 

10.9.6.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.9.7 and 10.9.8 compare maximum detected organic and inorganic constituent 

concentrations in surface and subsurface soil samples to risk-based soil screening levels considered 

protective of groundwater. Maximum concentrations in soil are compared to leachability-based 

generic SSLs. Soil background values for Zone I inorganics were determined, but at the request 

of SCDHEC, not considered during initial comparisons of maximum soif concentrations to SSLs. 

To provide a conservative screening, generic SSLs are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

No organic constituents exceeded their SSLs in site soil. However, two inorganic parameters - 

chromium and manganese - exceeded soil SSLs. Chromium was detected in all samples, with the 

majority exceeding the SSL. However, all concentrations were below the zone-specific 

background. Figure 10.9.2 presents chromium detections at AOC 688. Similar to chromium, 

manganese was detected in all samples, but exceeded the SSL and zone-specific background in 

only one surface soil sample. Figure 10.9.3 presents manganese detections at AOC 688. Both 

constituents are commonly detected in zone soil at similar concentrations, thus it's unlikely the site 

is their source. Given the past site activities (namely, paint storage) chromium would be the only 
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conceivable COC associated with the site, but the spatial distribution suggests otherwise. The 

absence of manganese above the SSL in subsurface soil suggests that the pathway for this 

constituent is not significant, while the pathway for chromium is considered valid. However, no 

detected concentrations exceeded background. 

10.9.6.2 Soil-to-Sediment Cross-Media Transport 

The organic constituents detected were notably different from those in site soil. Specifically, of 

the 16 detected in sediment, only five were also present in soil: those specific to sediment were 

pesticides. The inorganic constituents detected in sediment were similar to those present in soil. 

The presence of pesticides in sediment indicates that the drainage area sampled has been sprayed 

with pesticides and their detections are likely residual concentrations. The similarity of inorganics 

in soil and sediment indicates that site drainage could be the source for sediments and/or that the 

sediment is simply periodically inundated surface soil. 

10.9.6.3 Soil-to-Air Transport 

No VOCs were detected in surface soil above appropriate volatilization SSLs at this site, thus this 

pathway is considered invalid. 

10.9.6.4 AOC 688 Fate and Transport Summary 

AOC 688 is an earth-covered ammunition storage bunker constructed in 1942 between Juneau 

Avenue and the Dredged Materials Area. Materials of concern are explosives and paint waste. 

Environmental media sample as part of this investigation are surface and subsurface soil. Potential 

constituent migration pathways evaluated for AOC 688 are soil-to-groundwater, soil-to-sediment, 

and emission of volatiles from surface soil-to-air. 
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Soil-to-Groundwater Pathway 

Two inorganic parameters - chromium and manganese - are present at levels exceeding their 

respective SSLs, 

Chromium was detected in all samples, generally exceeded the SSL, but was below 

background in all cases. 

Manganese was also present in all samples, but exceeded the SSL and background in only 

one surface soil sample, 

Both constituents are common in Zone 1 soils, and their presence and distribution on this site 

does not indicate the past site activities as their source. 

The absence of manganese at concentrations exceeding SSLs in subsurface soil lessens the 

significance of the pathway with respect to it. The presence of chromium above SSL in the 

subsurface indicates that the pathway is valid for chromium, although detected concentrations 

are consistent with zone-specific background. 

Soil-to-Sediment Pathway 

Organic compounds detected in sediment are remarkably different from those detected in surface 

soil. The majority of species present in sediment are pesticides, and their presence is presumed 

to be a result of pesticide application along the access road near the drainage ditch. 

The inorganic parameters detected in surface soil and sediment are similar, suggesting that 

entrained soil in runoff from the site may be the provenance for the sediment; alternatively, given 

the site setting, the sediment may simply be periodically inundated surface soil. 

Soil-to-Air Pathway 

No VOCs were detected above volatilization screening values, thus the pathway is considered 

invalid for this AOC. 
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10.9.7 Human Health Risk Assessment 

10.9.7.1 Site Background and Investigative Approach 

AOC 688 was investigated to assess surface soil and sediment potentially affected by past site 

activities. The earth covered ammunition storage bunker is located between Juneau Avenue and 

the Dredged Materials Area. The Cooper River and associated wetlands lie to the east of the site 

across Juneau Avenue. The structure was constructed in 1942 as a magazine for ammunition 

storage. The structure is completely covered by two feet of soil. Immediately north of the 

magazine itself is a cement and soil containment berm designed to control the metal doors in the 

event of an explosion. The area is surrounded by a chain link fence. 

The facility functioned as an ammunition bunker for an unknown period of time. The facility was 

also used as a lawnmower maintenance shop. In July 1987 five fifty-five gallon drums of paint 

contaminated soil and rags were removed from the entrance to the facility and sent for disposal 

as hazardous waste. During the 1993 RFA 16 pounds of nitrogen based dynamite and 1000 

pounds of gunpowder were stored in the bunker. 

Two sediment samples were collected for analysis of VOCs, SVOCs, metals, cyanide, pesticides, 

PCBs, grain size, and TOC at DQO Level III. The samples were collected from a drainage ditch 

east of Bunker X-56 that trends north and south. Figure 10.9.1 shows sediment sampling 

locations. Soil was sampled in one round at AOC 688 at the locations as shown on Figure 10.9.1. 

The final Zone I RFI work plan did not propose soil sampling; however, these samples were added 

at locations upgradient and downgradient from the original sediment sample points within the 

ditch. Because the ditch only contains water intermittently, these samples are more indicative of 

soil than sediment. One upper and lower-interval sample was collected from each boring and 

submitted for metals, pesticides, and PCBs analysis at DQO Level 111. 
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10.9.7.2 COPC Identification 

Surface SoilISediment 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Tables 10.9.9 and 10.9.10, manganese was identified as a COPC. Aluminum and arsenic were 

detected at maximum concentrations exceeding their RBCs; however, they did not exceed their 

corresponding background concentration. Therefore, these inorganics were eliminated from 

further consideration in the AOC 688 HHRA. The results of the Wilcoxon rank sum test analyses 

did not result in the inclusion of any inorganic parameters that had been screened out on the basis 

of background concentration comparisons. 

10.9.7.3 Exposure Assessment 

Exposure Setting 

AOC 688 was investigated to assess surface soil and sediment potentially affected by past site 

activities. Current base reuse plans indicate that the area is slated for redevelopment as a marine 

cargo terminal although future use of this AOC is unknown. The site is surrounded by a fence, 

which inhibits access to potential trespassers. All potable water is provided through the city's 

water supply. Groundwater is not currently anticipated to be used in the future as potable or 

process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents and adolescent trespassers (assuming the 

fence is removed under hypothetical future use scenarios). Future site resident and worker 

exposure scenarios were quantitatively addressed in this risk assessment. Current exposure to 

workers is discussed quantitatively in relation to the future workers and future residents. The 

hypothetical future site worker scenario assumed continuous exposure to surface soil and sediment. 
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Tabla 10.9 10 
Chernrals Present in Srta Samples 
ADC 688 - Sediment 
Charleston Naval Cbmpbx 
Charleston. South Card~ns 

Notes 
SPL - Sample quantitation liml 
RBC - Risk-based wnwtmaion 
pWKG - mlaognuns per kibgram 
MOKG - rn~tlgrarns par kikgram 
NA - Not applicable or not availabk 



Zone I RCRA FaciIizy Investigarion Repon 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluations 
Revision: 0 

Current site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited surface soil and sediment contact. Therefore, future 

worker assessment is considered to be conservatively representative of current site workers. The 

resident child scenario was considered to be conservatively representative of the adolescent 

trespasser, The future site resident scenario was built on the premise that existing features would 

be removed and replaced with dwellings. 

Exposure Pathways 

Exposure pathways for both receptor groups are dermal contact and incidental ingestion of surface 

soil and sediment. The exposure pathways for future site residents are the same as those for the 

future site worker. In addition, the hypothetical future site worker scenario assumed continuous 

exposure to surface soil and sediment conditions. To provide a conservative account of potential 

exposure, standard soil exposure assumptions were applied to quantify sediment daily intake. 

Uniform exposure was assumed for all sample Iocations. Table 10.9.11 presents the justification 

for exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least 10 samples. The maximum concentration of manganese was used as the surface soil and 

sediment pathway EPC because fewer than 10 samples were collected. 

Quantification of Exposure 

Suvace Soil/Sediment 

CDIs for ingestion and dermal contact with sediments are shown in Tables 10.9.12 and 10.9.13, 

respectively. 
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Table 10.9.11 
AOC 688 

Exparure Pathwag Summpry 

Potentially Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Air. Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow groundwater, Inhalation No Shallow groundwater is not currently used as a 
of volatilized shallow source of potable or mn-residential water at 
groundwater contaminants combined AOC 688. 

Soil, Incidental ingestion No (Qualified) Pufure site use is considered coazervatively 
representative of currmt site use. 

Soil. Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land U s s  

Future Site Residents Air, Inhalrtion of gasems No Fate and tcmport screening did wt identify any 
(Child and Adult), contaminants emanating from COPCs for this i n d i m  axpure pathway. 
Fume Site Worker soil 

Air. Inhalation of chemicals No This exposure pathway was considered 
entrained in fugitive dust insignificant compared to the other pathways. 

of comamin 
or general use 

Shallow groundwater. Inhalation No Fate and transport screening did not identify any 
of volatilized contaminants COPCs for this indirect exposure pathway. 
during domestic use 

Soil, Incidental ingestion YES COPCs were identified suhequcnt to riskhsed 
and b a c k g d  screening comparisons. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Wild game or domestic anhah, No Huntingkaking af game andlor raising livesmk 
Ingestion of tissue impacted by is prohibited within the Charleston, Swth 
media contadnation Caroiina, city limits. 

Fruits and vegetables. Ingestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other exposure 

pathways assessed. 
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10.9.7.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.9.14 

presents toxicologicaI information specific to each COPC identified at AOC 688. This information 

was used in the quantification of risWhazard associated with sediment, Brief toxicological profiles 

for each COPC are provided in the following paragraphs. 

Manganese is an essential nutrient, but chronic exposure (0.8 mg/kg-day) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986; 

Dreisbach et al., 1987). USEPA determined the RfD to be 0.14 rngfkgday based on dietary 

uptake. USEPA recommended using a modifying factor of 3 when estimating intake from water. 

In addition, the body roughly absorbs twice as much manganese in water as it does manganese in 

food, Because of the different uptake rates in water and food, two RfDs were used in this HHRA 

- one for water and one for food. The RfDs used are 0.047 and 0.023 mg/kg-day, respectively. 

Inhalation of manganese dust causes neurological effects and increased incidence of pneumonia. 

An inhalation RfD was set to 1.43E-05 mg/kg-day . According to USEPA, manganese cannot be 

classified as to its carcinogenicity, Therefore, its cancer class is group D. As listed in IRIS, the 

classification is based on studies that are inadequate to assess the carcinogenicity of manganese. 

Manganese is considered essential to human health, The typical vitamin supplement dose of 

manganese is 2.5 mglday. As listed in IRIS, this chemical's critical effects in water in the oral 

summary are CNS effects. The uncertainty factor was 1 and the recommended modifying factor 

of 3 was used to estimate soil and groundwater intake. The critical effects of this chemical are 

CNS effects. As listed in IRIS, the critical effect in the inhalation summary is impairment of 

neuro behavioral function. For inhalation uptake, the uncertainty factor was 1,000 and the 

modifying factor was 1 .  The IRIS RfC is 5E-05 mg/m3. 
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10.9.7.5 Risk Characterization 

Surface SoilfSediment Pathways 

Exposure to sediment/surface soil onsite was evaluated under both residential and industria1 (site 

worker) scenarios applying standard surface soil exposure assumptions. For these scenarios, the 

incidental ingestion and d e m l  contact exposure pathways were evaluated. For non-carcinogenic 

contaminants evaluated for future site residents, hazard was computed separately to address child 

and adult exposure. Tables 10.9.15 and 10.9,16 present the computed carcinogenic risks and/or 

HQs associated with the incidental ingestion of site surface soil and sediments, and dermal contact 

with it. 

Hypothetical Site Residents 

The computed hazard indices for the adult and child resident were 0.006 and 0.05 respectively for 

the soil ingestion pathway. The dermal contact pathway hazard indices were 0.001 and 0.004 for 

the adult resident and the child resident, respectively. 

Future Site Workers 

The hazard indices for both the ingestion and dermal contact pathways were less than 0.01. 

The AOC 688 area is a reinforced earthen munitions bunker and associated driveway. Current 

site users have little chance of exposure to affected surface soil and sediment because their 

principal function is maintenance and operation of the bunker. As a result, the risWhazard 

projections discussed above are considered gross overestimates should existing site features and 

functions be maintained under future use scenarios. 

COCs Identified 

No chemicals of concern were identified based on cumulative (all pathway) risk and hazard 

projected for this site. USEPA has established a generally acceptable risk range of 1E-04 to 

1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 

10.9.39 
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considered to be any chemical contributing to a cumulative risk level of 1E-06 or greater and/or 

a cumulative hazard index above 1 .O, if its individual ILCR exceeds 1E-06 or its hazard quotient 

exceeds 0.1. For carcinogens, this approach is relatively conservative, because a cumulative risk 

level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA Region IV as the 

trigger for establishing COCs. The COC selection method was used to more comprehensively 

evaluate chemicals contributing to carcinogenic risk or non-carcinogenic hazard during remedial 

goal option development. Table 10.9.17 summarizes the COCs identified on a medium specific 

basis. 

Surface SoilISediment 

Hypothetical Site Residents (Future Larrd Use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

Future Site Workers (Current Land Use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

10.9.7.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly conservative and would tend to overestimate exposure. 

Current site workers are infrequently exposed to surface soil/sediment onsite. Current site workers 

are not exposed to site groundwater. 
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Residential use of the site would not be expected, based on current site uses and the surrounding 

buildings. Current reuse plans call for continued cornmercial1industriaI use of Zone I, specifically 

as a marine cargo terminal. If this area were to be used as a residential site, the munitions bunker 

wouId be demolished, asphalt surface removed, and surface soil and sediment conditions would 

likely change. The soils could be covered with landscaping soil, andlor houses. Consequently, 

exposure to current surface soil and sediment conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 

generally overestimate the risk and hazard posed to current site workers and future site residents. 

Determination of Exposure Point Concentrations 

No surface soil or sediment COPC UCLs were calculated because fewer than 10 samples were 

collected. The maximum concentration of manganese was applied as the EPC and modified in 

accordance with the "hot spot" approach. 

Frequency of Detection and Spatial Distribution 

Manganese was detected in the two sediment samples and the two soil samples collected. The 

maximum manganese surface soil concentration (588 mglkg) was detected at 688SB002; it 

exceeded its RBC and background concentration. The maximum manganese sediment 

concentration (196 mglkg) was detected at 688M0002; it exceeded its RBC, but was below its 

background concentration. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 
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Surface Soil/Sediment 

Of the CPSSs screened from formal assessment, none eliminated was reported at concentrations 

within approximately 10% of the RBC. This minimizes the likelihood of potentially significant 

cumulative risk/hazard with respect to the eliminated CPSSs. Aluminum and arsenic exceeded 

their corresponding RBCs, but these elements did not exceed the corresponding soil background 

concentrations. Therefore, they were eliminated from formal assessment based on comparisons 

to corresponding background concentrations. 

Although AOC 688 future land use is unknown, both the worker and residential exposure 

scenarios were assessed in this HWRA. Current base reuse plans call for conversion of the area 

to a marine cargo terminal. As previously discussed, it is likely that these scenarios would lead 

to overestimates of risk andlor hazard. 

Background-Related Risk 

Surface Soil/Sediment 

AIuminum and arsenic were detected in AOC 688 surface soil or sediment at concentrations above 

their respective RBCs. They were eliminated from consideration in the risk assessment based on 

comparison to corresponding background values, It is not unusual for naturally occurring or 

background concentrations of some elements to exceed risk-based concentrations. It is the risk 

assessment's function to identify excess risk andlor hazard, or that which exceeds background 

levels. The following discusses residential scenario riskfhazard associated with background 

concentrations of aluminum and arsenic. 

Aluminum's maximum surface soil concentration (12,600 mglkg) for AOC 688 equates with 

hazard quotients of 0.2 and 0.01 for the residential child and site worker, respectively. Its 

background value (27,400 mglkg) results in hazard quotients of 0.4 and 0.02 for the residential 

child and site worker, respectively. Arsenic's maximum surface soil concentration (9.8 mg/kg) 
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equates with ILCRs of 3E-05 and 4E-06 for the residential and site workers scenarios, 

respectively. Its maximum reported concentration equates with hazard quotients of 0.4 and 0.02 

for the residential child and site worker, respectively. Arsenic's background value (21.6 mglkg) 

equates with ILCRs of 6E-05 and BE-06, and hazard quotients of 1 and 0.05 for the residential and 

site worker scenarios, respectively. 

10.9.7.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 688 were assessed for the hypothetical site 

worker and the hypothetical future site resident under reasonable maximum exposure assumptions. 

For surface soil and sediment, the incidental ingestion and dermal contact pathways were assessed 

in this HHRA. Table 10.9.18 presents the risk summary for each pathway/receptor group 

evaluated for AOC 688. 

Soil - Residential Scenario 

No residential surface soil or sediment pathway COCs were identified for AOC 688. 

Soil - Site Worker Scenario 

No site worker surface soil or sediment pathway COCs were identified for AOC 688. 

10.9.7.8 Remedial Goal Options 

Surface SoilfSediment 

No RGOs were calculated for site surface soil or sediment because no COCs were identified. 

10.9.8 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 688, no COCs have 

been identified. Risk to human health from COPCs was evaluated under both the residential and 

industrial (site worker) scenarios for incidental ingestion and dermal contact. Hazard was 
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evaluated for noncarcinogenic contaminants through incidental ingestion and dermal contact 

scenarios as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of at least 1E-06 andlor a cumulative hazard index above 1 .O. Based on 

these criteria, no chemical was identified as a soil pathway COC for AOC 688. Therefore, no 

further action is required based on the analytical results and risk assessment. 
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10.10 AOC 689, Southern Tip of Base (Marina Parking Area) and AOC 690, Dredged 

Materials Area Roads 

AOC 689 is the unpaved marina parking area and surrounding marshlands at the southern tip of 

the base. The parking iot is currently in use. This site is bounded to the east by Cooper River, 

to the north by the Dredged Materials Area, and to the south and west by Shipyard Creek. The 

marina parking area has reportedly been used for unauthorized disposal of unknown materials 

during filIing activities. 

AOC 690 is the network of roads at the southern tip of the base and along Shipyard Creek, 

including the Lunsford Loop, a portion of Juneau Avenue, and West Road. This site extends 

along West Road on the boundary between Zones I and H and the Dredged Materials Area, The 

areas along these gravel roads, totaling approximately 4,500 feet, are reported locations of 

unauthorized hazardous materials dumping by Navy personnel. 

Although the history of hazardous materials dumping is largely unknown, petroleum products are 

suspected materials of concern. Potential receptor, include current parking lot users and current 

or future site workers who perform invasive or noninvasive activities which might bring them into 

direct contact with contaminants. Cooper River, Shipyard Creek, and their associated wetlands 

are also potential ecological receptors of point and nonpoint source discharges. 

To fulfill CSI objectives, soil and groundwater were sampled in accordance with the approved 

final RFI work plan and Section 3 of this report. In this section, contiguous AOCs 689 and 690 

may be together referred to as "the combined AOCs. " 

10.10.1 Soil Sampling and Analysis 

Soil was sampled in four rounds at AOCs 689 and 690 at the locations shown on Figure 10.10.1. 

The final RFI work plan proposed 20 soil samples each from the upper- and lower- soil intervals. 
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Ten of the 20 proposed upper-interval samples were collected in the first-round and analyzed for 

the standard suite (VOCs, SVOCs, metals, cyanide, pesticides, and PCBs) and TPH at DQO 

Level 111. Additionally, one surface soil sample was collected from grid boring GDISB002 during 

the first-round. 

In the second-round, 20 upper-interval samples and seven of the 20 proposed lower-interval 

samples were collected. The 10 additional surface samples were included to help delineate the 

extent of contamination, if any, in the marina parking area. The remaining 13 lower-interval 

samples were not collected because the water table was encountered at less than 5 feet bgs. 

Second-round samples were submitted for the standard suite plus organotins and dioxins at DQO 

Level 111. One duplicate was submitted in round one for Appendix IX and TPH analyses at DQO 

Level IV, and two were submitted in round two for Appendix IX analysis at DQO Level IV. 

Third-round sampling was performed following a comparison of first and second-round analytical 

results to RBCs and SSLs. This comparison showed that surface soil sample 690SB01801 

contained SVOCs above the RBCs; therefore, three additional upper-interval samples were 

collected in the vicinity of 690SB018 for SVOC analysis (690SB031,690SB032, and 690SB033). 

Fourth-round samples were collected in the vicinity of 690SB002 and 690SB010 to help confirm 

and delineate potential dumping areas. Five fourth-round sampks were also collected in the 

vicinity of the area where buried drums were discovered and removed (borings 690SB036 through 

690SB040). Fourth-round samples were analyzed for VOCs, SVOCs, and metals at DQO 

Level 111. Table 10.10.1 summarizes the four rounds of sampling. 

10.10.2 Nature and Extent of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.10.2. Inorganic 

analytical results are summarized in Table 10.10.3. Table 10.10.4 summarizes analytes detected 

in surface and subsurface soils at AOCs 689i690. Appendix D contains a complete analytical data 

report for all samples collected in Zone I, including AOCs 689 and 690. 
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Table 10.10.1 
AOC 6891690 

Soil Sampling Summary 

Samphg Sampling 
Round Date Samples Collected Sample Analyses Comments 

1 12/14/94 Upper - 10 (20) Standard suite, No lower interval sampling 
1211 6/94 TPH was planned. 

Duplicate - 1 Appendix IX, TPH 

02/08/95 Upper - 20 
02/09/95 

Standard Suite. Organotins, Additional samples were 
Dioxins. Additional collected. Additional 

02/13/95 Parameters' parameters were added. 
021 14/95 
021 16/95 
03/07/95 Lower -7 (20) Standard Suite, Organotins. Some lower samples were 
03/08/95 Dioxins not collected due to a water 
03/09/95 table at less than 5 feet bgs. 

Duplicate - 2 

06/20195 Upper - 3 

04/02/98 Upper - 9 
04/06/98 

Lower - 7 

Appendix IX 

SVOCs 

VOCs. SVOCs. Metals 

VOCs, SVOCs, Metals 

Samples were collected to 
delineate the cxtem of 
SVOCs detected above their 
RBCs. 

Duplicate - 1 VOCs. SVOCs, Metals 

Notes: 
( ) = Parenlhes~s indicate number of samples proposed 
a = Addilional analysis ~ r f o r m e d  on two samples on 09t06195 included CEC. chloride, sulfur, ammonia, nitrateln~trite, 

phosphorus. TOC. and total moisture. These two samples were also extracted using the TPLP and the extract was analyzed 
for VOAs and SVOAs. 

Standard Suite = VOCs, SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level 111. 
Appendix IX = Standard Suite, plus hex-chrome, dioxins, herbicides. and OP pest~cides at DQO Level IV. 
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Table 10.10.2 
AOC 6891690 Soil 

Organic Compound Analytical Results for Soil (&kg) 

Number of 
Samples 

Sample Detection RBC (upper) Excndiag 
Parameters Interval Frequency Detection Ranue Mean SSL flower) RBC or SSL 

Volatile 0rg;anic Compounds 

I. 1 -Dichlorocthene Upper 1/39 2.3 2.3 1,100 0 
Lower 0114 ND ND 30 0 

Acetone 

Benzene 

Upper 7/39 38.0 - 1,500 378 780.000 0 
Lower 3/14 46 - 69.0 60.0 8,000 0 

Upper 1/39 2.9 
Lower 0114 ND 

Upper 0139 ND 
Lower 1\14 12.0 

Carbon disulfide Upper 1 139 4.4 4.4 780.000 0 
Lower 2/14 3.0 - 12.0 7.5 16,000 0 

Chloromethane Upper 2/39 24.7 - 60.0 42.4 49,000 0 
Lower 0114 N D ND 3.7 0 

Ethylbenzene Upper 1/39 2.2 
Lower 1114 2.3 

Methylene chloride Upper 5/39 2.0 - 67.0 29.4 85,000 0 
Lower 1/14 2.7 2.7 10 0 

Propianitrile U P P ~  1/39 660 
(Ethyl cyanide) Lower 0114 ND 

Trtrachloroethene Upper 1139 4.4 
Lower 0114 ND 

Toluene UPFT 10139 2.0 - 12.9 4.9 1.m.m 0 
Lower 31 14 1.5 - 8.0 3.8 6.000 0 

Trichloroethene Upper 4/39 3.7 - 14.0 7.7 58.000 0 
Lower 01 14 ND ND 30 0 

TrichIorofluoromethnnene U P F ~  1/39 3.4 
Lower 0114 ND 

Xylene (Total) upper 1/39 2.5 
Lower 21 14 2.9 - 9.3 

BEQs Upper 17/42 0.39 - 1788 278 87 7 
Lower 2/14 17.8 - 140 78.9 I .m 0 

Benzo(a)anthracene Upper 9/42 46.0 - 1.500 428 870 1 
Lower 211 4 66.0 - L 10 88.0 800 0 
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Table 10.10.2 
AOC 6891690 Soil 

Organic Compound Analytical Results for Soil (pglkg) 

Number of 
Samples 

Sample Detection RBC (upper) Exceeding 
Parameters Interval Frequency Detection Ranp;e Mean SSL (lower) RBC or SSL 

Bcnzo(a)py rcnc Upper 1 1 I42 47.0 - 1,200 2% 87 6 
Lower 1/14 110 110 4,000 0 

Benzo(b)tluoranthene Upper 16/42 41.2 - 2,400 416 870 2 
Lower 2114 100 - 170 135 2,500 0 

Benzo(k)fluoranthene Upper 15/42 39.0 - 2.600 430 8,700 0 
Lower 21 14 110- 190 150 25,000 0 

Chrysene Upper 13/42 46.0 - 1.600 363 87,000 0 
Lower 2114 88.0 - 100 94.0 80,000 0 

Dibenzo(a.h)anthracenc Upper 3142 28.0 - 130 92.7 87 2 
Lower 0114 ND ND 800 0 

Indeno( 1.2.3-cd) py rene lipper 3142 90.0 - 410 253 870 0 
Lower 0114 ND N D 7.000 0 

1-Methylnaphthalene Upper 7123 47.0 - 760 216 310.000 0 
Lower 017 ND ND 72.000 0 

2-Methylnaphthalene Upper 7142 39.0 - 690 22 1 310,000 0 
Lower 0114 ND ND 230.000 0 

4-Aminobipheny 1 Upper 1124 60.0 
Lower 017 ND 

Acenaphthene 

Acetophenone 

Anthracene 

Upper 1142 210 
Lower 0114 ND 

Upper 1 124 51.0 
Lower 017 ND 

Upper 4142 17.0 - 340 130 2,3M),000 0 
Lower 0114 ND ND 5.900,000 0 

Benzo(g,h.i)peryttne U P P ~  3/42 252 310.000 0 85.0 - 430 
Lower 0114 ND ND 1.2E+08 0 

Benzoic Acid Upper 1 I42 25.000 25,000 31,000,000 0 
Lower 0114 ND ND 200,000 0 

Benzyl Alcohol Upper 1 I42 370 
Lower 0114 ND 

Butylbenzylphthalate Upper 1142 97.0 
Lower 0114 ND 

Chlorobenzilate UPP~ 1124 45.8 
Lower on ND 

Di-n-butylphlhalate Upper 13142 41.0- 120 61.9 780.000 0 
Lower 5/14 46.0 - 140 Y0.2 2,300.000 0 
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Table 10.10.2 
AOC 6891690 Soil 

Organic Compound Analytical Results for Soil (pdkg) 

Number of 
Samples 

Sample Detection RBC (upper) Exceeding 
Paramelen Interval Frequency Detection Range Mean SSL (lower) RBC or SSL 

Upper 5/42 20.0 - 170 80.6 31.000 0 
Lower 0/14 ND ND 6,800 0 

Fluoranthene upper 18142 18.0 - 2.600 427 310,000 0 
Lower 3/14 22.0 - 87.0 61 2.100.000 0 

Fluorene 

Upper 5/42 72.0 - 540 2 14 310.000 0 
Lower 0114 ND ND 42.000 0 

Upper 1 I /42 12.0 - 1.300 364 ~ , w J  0 
Lower 0/14 ND ND 660,000 0 

Pyrene upper f 7/42 15.0 - 2.200 371 230,000 0 
Lower 3/14 18.0 - 100 62 2.100,000 0 

bis (2-Ethylhexyt) phlhatate Upper 11142 44.0 - 1,300 337 46.000 0 
Lower 1/14 110 110 1.800.000 0 

TPHs 

TPH Upper 2f 10 140 - 820 480 N A 0 
Lower 010 N A N A N A 0 

-- - 

Upper 3/30 3.7 - 26.0 14.6 2.700 0 
Lower 017 ND ND 8.000 0 

Upper 9130 2.4 - 60.0 16.8 1,900 0 
Lower 017 ND ND 27.000 0 

Upper U30 1 .9 - 2.7 2.3 38 0 
Lower on ND ND 230 0 

Chlordane Upper 1/20 7.6 
Lower 017 ND 

Dieldrin Upper 1/30 11.1 
Lower 017 ND 

Endosulfan 1 U W r  4130 2.0 - 33.0 10.4 47 ,000 0 
Lower 017 ND ND 9,000 0 

Endosulfan 11 U P V ~  2130 6.1 - 7.0 6.55 47.000 0 
Lower l n  4.5 4.5 9,000 0 

Endrin Upper 1/30 5.6 5.6 2,300 0 
Lower 017 ND ND 500 0 
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Table 10.10.2 
AOC 6891690 Soil 

Organic Compound Analytical Results for Soil (&kg) 

Number of 
Samples 

Sample Detection RBC (upper) Exceeding 
Parameters Interval Fresuencv Detection Range Mean SSL (lower) RBC or SSL 

Endrin aldehyde U W  r 2J30 1.2 - 1.9 1.55 2,300 0 
h w e r  017 ND ND 340 0 

Heptachlor Upper 3130 1.2 - 3.1 2.13 140 0 
Lower 017 ND ND 11.000 0 

Heptachlor eponide Upper 2/30 1.4- 1.5 1.45 70 0 
Lower 017 ND ND 330 0 

Upper 3/30 2.80 - 75.0 28.1 39,000 0 
Lower 017 ND ND 80.000 0 

Mcchyl parathion Upper 1 I3 28.0 
Lower 010 N A 

alpha-Chlordane Upper 1/10 2.3 
Lower 010 N A 

Upper 3/30 1.5 - 2.7 2.0 3% 0 
Lower 117 1.9 1.9 1.3 1 

Upper 2130 2.3 - 7.4 4.85 350 0 
Lowcr 017 ND ND 1.8 0 

pamma-Chlordane Upper lIl0 4.0 
Lower 010 N A 

garnma-BHC (Lindane) Upper 2130 1.2 - 3.7 2.45 490 0 
Lower 017 N D N D 4.5 0 

Herbicides 

2.4,5-T Upper 212 6.3 - 13.0 9.65 78,000 0 
Lower 010 N A N A 990 0 

Dioxin Compounds 

TEQs Upper 21/23 4.4E-05 - 3.9E-03 6.97E4 4.30843 0 
Lower 616 1.3E-05 - 3.49EJM 1.47E4 1.6 0 

123789-HxCDD Upper 2/23 1.09E-03 - 2.56E43 1.82843 0.043 0 
Lower 0/6 ND ND 4.1 0 

1234678-HpCDD UPW 21123 8.07E-04 - 0.0716 0.0190 0.430 0 
Lower 616 6.528-04 - 0.0145 4.11E-03 108 0 

OCDD U P F ~  21/23 0.036 - 0.831 0.22 4.30 0 
tower  616 6.82843 - 0.203 0.077 1.080 0 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 10 - Sire-Speclfic Evaluations 
Revision: 0 

TabIe 10.10.2 
AOC 6891690 Soil 

Organic Compound Analytical Results for Soil (&kg) 

Number of 
Spmples 

Sample Detection RBC (upper) Exceeding 
Parameters Interval Frequency Detection Range Mean SSL Oower) RBC or SSL 

123478-HxCDF Upper 7i23 4.51E-04 - 2.958-03 1.72EM 0.043 0 
tower  116 7.48JX4 7.48E-04 216 0 

123678-HnCDF Upper lot23 6.52E-04 - 3.01E-03 1.35843 0.043 0 
Lower 016 ND ND 216 0 

123789-HxCDF Upper 1123 6.56E-04 6.56E-04 0.043 0 
Lower 116 3.38E4M 3.38844 216 0 

234678-HxCDF Upper 1123 1.19E-03 1.19E-03 0.043 0 
Lower 016 ND ND 216 0 

1234678-HpCDF Upper 20123 4.558-04 - 0.0167 3.77B-03 0.430 0 
Lower 316 3.22E-04 - 5.06E-03 1.91E-03 54 0 

OCDF Upper 19/23 4.738-04 - 2.63E-02 7.09843 4.30 0 
Lower 216 1.438-03 - 8.68E-03 5.05E-03 540 0 

1 23478-HxCDD Upper 1 123 1 S2E-03 1 S2E-03 0.043 0 
Lower 016 ND ND 4.1 0 

123678-HxCDD Upper 2/23 1.99EM - 2.578-03 2.28E-03 0.043 0 
Lower 016 ND ND 4.1 0 

12378-PeCDF Upper 1 I23 2.328-03 2.32843 0.085 0 
Lawer 016 ND ND 0.8 0 

23478-PeCDF Upper 1123 1.34E-03 1 348-03 8.5E-03 0 
Lower 0/6 ND ND 0.1 0 

2378-TCDF Upper 2/23 2.27E-03 - 3.55E-03 2.91E-03 0.043 0 
Lower 016 ND ND 0.2 0 

D ibutyltin Upper 1/20 6.66 6.66 2.300 0 
Lower 1 /S 6.65 6.65 N A 0 

Uppet 0120 ND 
tower 1 15 8.16 

Tributylrin Upper 0120 ND ND 2,300 0 
Lower 1 /5 7.64 7.M N A 0 

Notes: 
N A = Not ApplicablelNot Available/Not Analyzed 
ND = Not DetectedlNot Determined 
irglki3 = micrograms per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Volatile Organic Compounds in Soil 

Fourteen VOCs were detected in soil at AOCs 689 and 690. Nine of 14 VOCs were detected only 

once or twice. Toluene was the most common VOC detected; it was found in 10 of 39 

upper-interval samples. Toluene was also detected in grid boring GDISB00201 at 3.0 pg/kg. No 

other VOCs were detected in the grid boring. All VOC detections were far below their respective 

RBCs or SSLs. 

Semivolatile Organic Compounds in Soil 

Of the 26 SVOCs detected in soil at AOCs 689 and 690, four exceeded their respective RBCs. 

Benzo(a)anthracene was detected in nine of 42 upper-interval samples at concentrations ranging 

from 46 pglkg to 1,500 kg/kg. The maximum concentration of 1,500 pglkg was detected in 

sample 690SB01801. 

Benzo(a)pyrene was detected in 11 of 42 upper-interval samples and one of 14 lower-interval 

sampks. Six samples in the upper-interval exceeded the benzo(a)pyrene RBC. The maximum 

concentration was detected in sample 690SB01801 (1,200 pg/kg). The single detection of 

benzo(a)pyrene in the lower-interval did not exceed the SSL. 

Sixteen of 42 surface samples had benzo(b)fluoranthene detections ranging from 41.2 pglkg to 

2,400 pglkg. Two of the 16 detections - 2,400 pglkg at 690SB01801 and 1,300 pg/kg at 

690SB03101 - exceeded the RBC. The two detections in subsurface soil were far below the SSL. 

Dibenzo(a,h)anthracene was detected in three of 42 samples, with a range of 28.0 pg/kg to 

130 pglkg . Concentrations in samples 690SB00701 (1 20 pg/kg) and 690SB01801 (130 pglkg) 

exceeded the RBC. 
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In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOCs 689 and 

690. Seven BEQs exceeded the benzo(a)pyrene RBC of 87.0 pglkg; samples 690SB01801, 

690SB02901, 690SB03 101, 690SB00701, 690SB01001, 690SB03201, and 690SB04201 had a 

range of BEQs from 103 pg/kg to 1788 pglkg. Of the PAHs detected at AOCs 689 and 690, the 

highest detections, by an order of magnitude, were in sample 690SB01801. Third-round sampling 

was performed to determine the extent of contaminants found in 690SB01801. These samples had 

PAH detections exceeding their respective RBCs. However, BEQs were calculated in two 

subsurface samples at 17.8 pg/kg and 240 pglkg, well below the SSL. 

Three SVOCs - phenanthrene, 2-methylnaphthalene, and 1-methylnaphthalene - were detected in 

the surface soil sample from grid boring GDISB00201. The detections were all below respective 

screening levels. 

Pesticides and PCBs in Soil 

Of the 19 pesticides detected in soil samples at AOCs 689 and 690, none exceeded the respective 

RBCs. One lower-interval sample (690SB015) exceeded the beta-BHC SSL, with a detection of 

1.90 pglkg. 

Aroclor-1260 was detected in six of 30 samples; however, none of the detections exceeded the 

RBC of 320 pgikg. 

Herbicides in Soil 

One herbicide, 2,4,5-T, was detected in surface soil duplicate samples 690SB00201 and 

690SB01501 at concentrations far below the RBC. 

Other Organic Compounds in Soil 

Three organotins were detected at AOCs 689 and 690. None exceeded the RBC of 2300 pglkg. 
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Dioxins were detected in 21 of 23 samples. In accordance with recent dioxin guidance (USEPA, I 

1995b) and Section 7 of this report, TEQs were calculated, and they range from 4.40E-5 pglkg 2 

to 3.90E-3 pg/kg. All calculated TEQs were below the 2,3,7,8-TCDD RBC of 4.3E-03 pglkg. 3 

Dioxins were detected in all six subsurface samples. TEQs ranged from 1.3E-5 pgJkg to 4 

3.49E-4 pglkg, all below the SSL of 1.6 pglkg. 5 

Inorganics Elements in Soil 

Twenty-three metals were detected in soil samples at AOCs 689 and 690. Five metals were 

detected in surface soils at concentrations exceeding their respective screening levels. Antimony 

was present in sample 690SB03401 at of 24.5 mglkg, which exceeds its RBC (3.1 mglkg). 

Arsenic was detected in two upper-interval samples at concentrations that exceeded the screening 

criteria: 690SB002 (26.3 mglkg) and 690SB029 (28 -7 mglkg). Arsenic was also detected in grid 

boring GDISB00202 at 4.0 mglkg, below the screening criteria. Chromium was detected in 11 

of 39 surface samples at concentrations that exceeded its RBC and background level. Chromium 

was detected in one subsurface sample, 690SB039 (5 1.3 mgtkg), at a concentration exceeding its 

SSL and background level. Chromium was also detected in grid boring GDISB00201 at 

25.4 mgfkg below the RBC and background. Copper was detected in one upper-interval sample 

(690SB010) at a concentration that exceeded its screening level. Manganese was detected in one 

upper-interval sample (690SB036) at a concentration that exceeded its screening level. 

10.10.3 Groundwater Sampling and Analysis 19 

No wells were installed specifically to characterize groundwater at AOCs 689 and 690. The final 20 

RFI work plan proposed five grid-based well pairs (GDIOOl/OlD, GDI002/02D, GDI003/03D, 21 

GDI004/04D, and GDI019119D) to be installed in the vicinity of AOCs 689 and 690 to 22 

characterize the zone perimeter groundwater. In addition, two Zone H grid well pairs 23 

(GDHOlOJlOD and GDHO11/1 ID) were already installed in AOCs 6891690. Four rounds of 24 

samples were collected from these wells and analyzed for VOCs, SVOC, metals, cyanide, 2s 
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pesticides, PCBs, chloride, sulfate, and TDS at DQO Level 111. Results of these analyses are I 

discussed below; the analytical data are included in Appendix D. 2 

Figure 10.10.1 illustrates the grid-based wells associated with AOCs 689 and 690. All shaIlow 3 

monitoring wells were installed to 12.5 to 13.0 feet bgs. Deep grid wells were installed to depths 4 

of 46 ft to 62 feet bgs. All wells were installed in accordance with Section 3.3 of this report. 5 

10.10.4 Nature and Extent of Contamination in Groundwater 

Volatile Organic Compounds in Groundwater 

Four VOCs were detected in groundwater samples from the shaIlow grid-based weIls. Acetone 

was detected in first-round samples from wells GDI001 (9 pg/L), GDI002 (9 pg/L), and GDI003 

(60 pg/L) and in the third-round sample from well GDIOOl (5 pglL). None of these detections 

exceeded the tap-water RBC for acetone (370 pg/L). Toluene was detected in second-round 

sample GDI00402 (2 pglL), far below its RBC or MCL. Carbon disulfide and xylene were 

detected in the third-round sample from well GDI019, far below their respective RBCs or MCLs. 

Carbon disulfide was also detected in well GDHOl 1 in the first-round, at 7.0 pg/L. 

Acetone, carbon disulfide, and xylene were also detected in groundwater samples from three of is 

the five deep grid-based wells. Acetone was detected in first-round sample GDI03D (27 pglL). 15 

Carbon disulfide was detected in fourth-round sample GDI02D (1.0 ~ g l L ) ,  and third-round 17 

GDI04D (2.0 pg/L). Xylene was detected at a concentration of 2 pglL in second-round sample ie 

GDI03D. Each of these detections was far below the corresponding RBC or MCL. 19 

Semivolatile Organic Compounds in Groundwater 20 

Four SVOCs were detected in the shallow grid well samples. Acetophenone was detected in 21 

first-round samples from wells GDI003 (1.0 pg/L) and GDI019 (1.0 pg/L) at concentrations 22 

exceeding the RBC of 0.0042 pglL. However, it was not detected in any subsequent sample 23 
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rounds. Bis(2-ethylhexy1)phthalate exceeded its RBC (4.8 pglL) in the first-round sample from 

well GDIOOl (15 pg/L). It was also detected in well GDIOO2 (2 pg/l) during the third-round 

sampling, but did not exceed the RBC. Benzoic acid was detected in the last two sampling rounds 

in well GDI019 and in the last round at well GDI002. These detections were far below the RBC. 

A concentration of 3.0 pglL of di-n-butylphthalate, well below its W C  was detected in the 

frrst-round sample from well GDI004. 

Two SVOCs, benzoic acid and diethylphthalate, were detected in deep grid-based wells. Wells 

GDI02D, GDI03D, and GDI019D had minor detections of benzoic acid at concentrations far 

below its tap-water RBC. Diethylphthalate was detected in wells GDI03D and GDI04D at 

concentrations far below its tap-water RBC. Bis(2ethylhexyl)phthalate was detected in deep well 

GDHlOD during the second-round of sampling at 9.0 pg/L. 

PesticidesIPCBs in Groundwater 

Heptachlor was the only pesticide detected in the shallow grid-based wells. It was detected in the 

first-round sample from well GDIOOl (0.0015 pg/L) and did not exceed its tap-water RBC. 

Two pesticides were detected in the groundwater samples collected from the deep grid-based 

wells. Beta-BHC and gamma-BHC were detected in the first-round sample from well GDI019D 

at concentrations exceeding their respective RBCs, (290 pg/L and 0.19 pg/L, respectively. 

Neither pesticide was detected in any subsequent sample, 

Aroclor-1260 was detected in the second-round sample from well GDIOlD. At a concentrations 

exceeding its ICBC. PCBs were not detected in any other samples from this or other wells. 
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Other Organic Compounds in Groundwater 1 

Dioxins were detected in four of the shallow grid-based monitoring wells. In accordance with 2 

recent dioxin guidance (USEPA 1995a) and Section 7 of this report, TEQs were calculated; they 3 

range from 3.29E-9 pgll to 1.84E-7 pgll, well below the tap-water lU3C of 4.5E-4 pgll. 4 

Calculated TEQs ranged from 1.68E-8 pg/I to 1.67E-6 pg/l for the deep groundwater samples. s 

None of the deep grid well detections of dioxin exceeded its screening value. 6 

Inorganic Elements in Groundwater 

Twenty-three metals were detected in shallow grid-based groundwater samples. Only three - 

antimony, lead, and thallium - exceeded their respective screening criteria. Antimony exceeded 

its RBC (1.5 pglL) in third-round samples from wells GDIOO2 (3.1 pglL) and GDI003 (3.1 pg/L). 

Lead exceeded its RBC (15 lglL), MCL (15 pglL, and shallow background level (4.4 ,ug/L) in 

the second-round sample from well GDI002 (15.6 pg/L). Thallium exceeded its screening criteria 

in seven samples: GDI00 103 (5.5 pg/L), GDI00202 (6.6 pg/L), GDI00203 (3.5 ,uglL), GDI00303 

(2.8 pg/L), GDI01902 (5.9 pglL), GDI01904 (3.5 ,ug/L), and GDH01004 (2.7pgIL). 

Twenty-one metals were detected in deep grid-based well samples. Only antimony, thallium, and 

manganese exceeded their respective screening criteria. Antimony was detected in sample 

GDI03D03 (6.1 pg/L), above the MCL of 6.0 pg/L. Thallium was detected in two samples, 

GDIOlD02 (5.1 pglL) and GDI02D03 (4.2 pglL), exceeding its MCL (2 pglL) and deep 

background level (2 pglL). Thallium was not detected in any other samples. Manganese was 

detected in GDI00204 (261 pgll) and GDI00302 (261 pg/L) at concentrations equal to the deep 

background. Manganese in the deep grid-based wells at this AOC ranged from 40.5 pg/L to 

261 1glL. 

Cadmium, manganese, and zinc were detected above reference levels in the Zone H deep grid 

wells. Cadmium was detected in GDHlOD03 at 5.3 pg/L and in GDH1 ID03 at 5.4 pg/L, slightly 



Zone I RCRA Facility Investigmanon Report 
Charleston Naval Complex 

Section 10 - Site-Specpc E v a ~ i o n r  

above the MCL. Manganese was detected above the deep background reference of 261 pg/L in 

all four rounds from GDHlOD (384 pg/L to 446 pg/L) and all four rounds from GDHllD 

(234 fig/L to 821 pg/L). 

Zinc was detected above the deep background value of 22.1 pg/Lin three samples: GDHl ID03 

(254 pg/L), GDHI ID02 (1,180 pg/L), and GDHl ID03 (62.6 pg/L). 

10.10.5 Fate and Transport Assessment AOC 689 and AOC 690 

AOC 689 is the unpaved marina parking area and surrounding marshlands at the southern tip of 

the base. The parking lot is currently in use. This site is bounded to the east by Cooper River, 

to the west by the dredged materials area roads, and to the south by Shipyard Creek. The marina 

parking area has reportedly been used for unauthorized disposal of unknown materials during 

filling activities. This site also has a potential point source discharge. AOC 690 is the network 

of roadways at the southern tip of the base, including the Lunsford Loop, a portion of Juneau 

Avenue, and West Road. This site extends along West Road on the boundaries between Zones I 

and H. The roadside areas along these gravel roads, totaling approximately 4,500 feet, are 

reported locations of unauthorized hazardous materials dumping by Navy ship personnel. 

Petroleum products are suspected materials of concern, although the history of hazardous materials 

dumping is largely unknown. 

Environmental media sampled as part of this investigation were surface and subsurface soil. 

Potential constituent migration pathways evaluated for AOCs 689 and 690 include soil-to- 

groundwater and emission of volatiles from surface soil-to-air. 



Zone I RCRA Facility investigm'on Report 
Charleston Naval Compla 
Section I0 - Site-Specific Evaluiuions 
Revision: 0 

10.10.5.1 Soil-to-Groundwater Cross Media Transport 

Tables 10.10.5 and 10.10.6 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in surface and subsurface soils risk-based soil screening levels 

considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. The generic SSLs are used to provide a conservative screen, 

leachate entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation of 

constituents in soil (DAF = 10). Soil background values for inorganics in Zone I were determined, 

but at the request of SCDHEC were not considered during initial comparisons of maximum soil 

concentrations with SSLs. 

Organic Compounds 10 

Nine organic constituents were detected in surface soil at levels exceeding their SSLs: 11  

chloromethane, methylene chloride, propionitrile, acetophenone, benzo(a)pyrene equivalents, 12 

benzo(a)anthracene, beta-BHC, delta-BHC, and dieldrin. Of these, only - beta -BHC - exceeded 13 

its SSL in subsurface soil. Figures 10.10.2 through 10.10.10 present concentrations detected at 14 

AOC 6891690 for the listed chemicals. 15 

Methylene chloride was detected in five of 39 surface soil samples, and in one of 14 subsurface 

samples. Chloromethane was detected in two of 39 surface soil samples; the locations were not 

spatially linked. Propionitrile was detected in only one of 21 surface samples and was not 

coincident with other VOC detections. Acetophenone was detected in only one of 24 surface soil 

samples and was not spatially associated with other VOC detections. BEQs were calculated for 

11 of 42 surface soil samples with six exceedances; they were calculated for only two of 

14 subsurface samples with no exceedances. Benzo(a)anthracene was detected in nine of 

42 surface soil samples with one exceedance, and was detected in two of 14 subsurface soil 

samples with no exceedances. 
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Beta-BHC was detected in three of 30 surface soil samples; with all three exceeded the SSL. 

Beta-BHC was detected in one of seven subsurface soil samples, at a level above its SSL, 

Detections of beta-BHC were repeated vertically between surface and subsurface soil at 

concentrations above SSL, at only one location (690SB015). Delta-BHC was detected in two of 

30 surface samples, but was non-detect in subsurface samples. Delta-BHC and beta-BNC 

detections were not spatially correlative. Dieldrin was detected in only one of 30 surface soil 

samples not spatially correlative to the other pesticide detections was nondetect in subsurface 

samples. 

The presence of organics in surface soil is not unexpected based on past site activities. None of 

the detections exhibit significant magnitude or frequency. All but the beta-BHC were either 

nondetect or below their SSLs in subsurface soil. -Thus, the soil-to-groundwater pathway for 

organics is valid only for beta-BHC. Since the subsurface concentration of beta-BHC is not 

significantly above its SSL, the pathway, although valid, is not expected to be greatly significant. 

Inorganic Compounds 

Three inorganic constituents: antimony, arsenic, and chromium were detected in surface soil at 

levels exceeding their SSLs. Of these, only chromium exceeded its SSL in subsurface soil 

samples. 

Antimony was detected in four of 39 surface soil samples, with one detection above its SSL, and 

was nondetect in subsurface soil. Figure 10.10.11 presents antimony concentrations detected at 

AOC 6891690. Arsenic was widely detected, but exceeded its SSL in only one surface soil 

sample. Figure 10.10.12 presents arsenic concentrations detected. Chromium was also widely 

detected, with 13 samples above background in surface soil but only one above background in 

subsurface samples. Figure 10.10.13 presents chromium concentrations detected. The majority 

of chromium detections were above the calculated SSL. 
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Antimony has been detected sporadically in Zone I soil, and its presence is not conclusively related 

to past site activities. Since antimony is nondetect in subsurface soil, the soil-to-groundwater 

pathway is effectively invalidated for this constituent. Both arsenic and chromium have been 

detected widely in zone-wide soil and their presence at AOC 689/690 may reflect this zone-wide 

occurrence rather than specific site activities. The absence of arsenic in subsurface soil above its 

SSL invalidates the soil-to-groundwater pathway for this constituent. The pathway for chromium 

may be valid; however, since most chromium detections are consistent with the range of 

background concentrations, analysis of chromium exceedances should be weighed carefully 

10.10.5.2 AOCs 689 and 690 Soil-to-Air Transport 

While 13 VOCs were detected in surface soil, all concentrations were far below their soil-to-air 

SSLs. Therefore, the pathway is not expected to be-significant at this site. 

10.10.5.3 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Nine organic constituents were detected in surface soil at levels exceeding their SSLs: methylene 

chloride, chloromethane, propionitrile, acetophenone, benzo(a)pyrene equivalents, 

benzo(a)anthracene) , beta-BHC , delta-BHC, and dieldrin. 

Only beta-BHC exceeded its SSL in the subsurface, and only at one location. 

The presence of organics may be associated with past site activities, but none of the 

detections exhibit significant magnitude or frequency. 

The pathway is valid for beta-BHC only. The limited mass above the SSL and the 

relatively low concentration lessen the significance of the pathway. 





m
bE 

I =IM
E

Tgw
w

LE
 

m
w

m
 

m
N

rn
IC

4
Q

 Y
#

L
L

L
O

C
A

p
 

I SOIL- 
L

O
W

IO
N

 

I n
k

w
W

W
P

~
Y

a
w

C
Q

N
C

.(U
O

ll) 
N

8
A

#
P

E
W

E
N

 
N

O
N

D
E

lE
C

f 
A

R
SEN

IC
 

ZO
N

EIEXC
EE- 

SC
A

LE 
S

O
IL A

N
D

 Q
W

 O
O

N
C

E
H

F
R

A
T

l~
S

 
Pg 

&
R

a
 

A
 

M
G

L-50 
W

lL
 

R
B

C
I.43 M

Q
K

G
 

S
S

L
rlS

 W
K

G
 





Zane I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Site-SpecijCc Evaluations 
Revision: 0 

Three inorganic constituents were detected in surface soil samples at levels exceeding their SSL I 

antimony, arsenic, and chromium, 2 

• Only chromium exceeded its SSL in subsurface samples. 

• From a strict chemical standpoint, the pathway for chromium is valid. However, the 

majority of chromium detections are consistent with the range expected under background 

conditions, which lessens the significance of the pathway. 

Soil-to-Air Pathway 

Three organics were detected in surface soil, but none exceeded the soil-to-air SSL, thus, this 

pathway is not expected to be significant. 

10.10.6 Human Health Risk Assessment 

10.10.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOCs 689 and 690 was the assessment of soil potentially 

affected by past site activities. AOC 689 is the unpaved marina parking area, a reported site of 

unauthorized disposal of unknown materials during filling activities. AOC 690 is the network of 

roadways at the southern tip of the base, including the Lunsford Loop, a portion of Juneau 

Avenue, and West Road. This site extends along West Road on the bouridaries between Zones 

I and H. The roadside areas aIong these gravel roads, totaling approximately 4,500 feet, are 

reported locations of unauthorized hazardous materials dumping by Navy ship personnel. 

Soil was sampled in four rounds at AOCs 689 and 690 at the locations shown on Figure 10.10.1. 

Ten of the 20 proposed upper-interval soil samples were collected in the first-round and analyzed 

for the standard suite (VOCs, SOVCs, metals, cyanide, pesticides, and PCBs) and TPH at DQO 

Level 111. The first-round sampling occurred concurrently with the field investigation for Zone H 
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to determine the potential impacts of Zone H to AOC 690. Twenty upper-interval samples and 

seven of the 20 proposed lower-interval samples were collected in the second-round. 

Second-round samples were submitted for the standard suite and organotins and dioxins at DQO 

Level 111. One duplicate was submitted in round one for Appendix IX and TPH analyses at DQO 

Level IV and two were submitted in round two for Appendix IX and analyses only at DQO Level 

IV, Third-rou.nd sampling was performed following a comparison of first and second-round 

analytical results to RBCs and SSLs. Three upper-interval soil samples were collected and 

analyzed for SYOCs. Nine fourth-round upper-interval soil samples were collected and analyzed 

for VOCs, SVOCs, and metals at DQO Level 111. Seven lower-interval soil sampIes were 

collected and analyzed for VOCs, SVOCs and metals. One duplicate was submitted in round four 

for VOCs , SVOCs and metals. 

10.10.6.2 COPC Identification 12 

sod 13 

Based on the screening comparisons described in Section 7 of this RFI and presented in 14 

Table 10.10.7, the focus of this HHRA is on the following COPCs: benzo(a)pyrene equivalents, 1s 

antimony, arsenic, chromium, copper, manganese, and 4-aminobiphenyl. Wilcoxon rank sum test 16 

analyses did not result in the inclusion of any inorganic constituent that had been screened out on 17 

the basis of background concentrations. 18 

10.10.6.3 Exposure Assessment 19 

Exposure Setting 20 

AOC 689 is thle unpaved marina parking area located at the southern tip of the base. AOC 690 21 

includes the Dredged Materials Area roads. The combined AOC site is principally a long narrow 22 

strip of land which borders the west side of the Dredged Materials Area (DMA). Both AOCs 23 

were reported1:y used for unauthorized disposal activities. The hture use of this combined AOC 24 
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cannot be definitively stated. Current base reuse plans indicate that the area is slated for use as 

an open buffer space. Groundwater is not currently used as potable or process water, nor is such 

use anticipated. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. The future site resident scenario was built on the 

premise that existing features would be removed and replaced with dwellings. The resident child 

scenario was considered to be conservatively representative of the adolescent trespasser. 

The future site worker scenario assumed continuous exposure to surface soils. Exposure for 

current site workers would be less than this because of their limited soil contact. Therefore, the 

future worker scenario is considered to be conservatively representative of current site workers 

exposure. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soil. The exposure pathways for future site workers are the same. In 

addition, the future site worker scenario assumed continuous exposure to surface soil, Uniform 

exposure was assumed for all sample locations. Table 10.1.0.8 presents the justification for 

assessing exposure pathways particular in this HHRA. 

Exposure Point Concentrations 20 

Table 10.10.9 presents the UCLs calculated for each surface soil COPC. As discussed in 21 

Section 7 of this RFI, UCLs were calculated for datasets consisting of least 10 samples. The 95 % 22 
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Table 10.10.8 
AOCs 689 and 690 

Exposure Pathways Summary 

Potentialiy Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Users (Site Air. Inhalation of gaseous No Fate and transport screening did -not identify 
Workers) conhrninants emanating from any C O K s  for this indirect expasure 

sail pathway. 

Air, Inhalation of chemicals No This exposure pathway was considered 

Shallow groundwater, 
Inhalation of volatilized shallow 
groundwater contaminants 

No Shallow groundwater is not currently used as a 
source of potable or non-residential water at 
AOCs 689/690. 

Soil. Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current receptors. 

Air. Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other pathwavs. - 

Shallow groundwater. ingestion No Fate and nrnsport screening did MI idemify 
of contamifiants during potable any COP& for this indirect exposure pathway. 
or gencrat use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

No Fate and transport screening did not identify 
any COPCs for this indirect exposure pathway. 

Soil, Incidental ingestion Yes COPCs were rdentified subsequent to risk- 
based and background screening comparisons. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Fruits and vegetables, Lngestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other 
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UCLs calculated for benzo(a)pyrene equivalents, antimony, arsenic, chromium, copper, and 

manganese were applied as their EPCs. For 4-aminobiphenyl, the maximum reported 

concentration was exceeded by its 95 % UCL; and as a result, the maximum reported concentration 

was applied as its EPCs. 

Benzo(a)pyrene equivalents were detected in 17 of 41 surface soil samples, including six detections 

(690S3007, 690SB010, 690SB18, 690SB029, 690SB031, 690SB032, and 690SB042) at 

concentrations exceeding the residential RBC. An FIIFC factor was derived to account for the 

limited areal extent of the BEQs at levels of concern. This factor was conservatively estimated 

to be 0.5, basecl upon frequency of detection and the approximate size of the impacted area relative 

to the entire site. This FIJFC factor indicates that the concentrations reported at 690SB018 

represent soil quality over 50 percent of the potential exposure area. This factor was used to 

adjust the EPC for BEQs. 

A similar approach was used for 4-aminobiphenyl, which was detected in only one of 23 surface 

soil samples 1(690SB020) at a concentration above the residential R3C. The EPC for 

4-aminobiphenyl was established as the maximum detected (0.060 mg/kg at Iocation 690SB020). 

The FI/FC factor was conservatively estimated to be 0.1, based upon frequency of detection, and 

this factor was used to adjust the EPC for 4-aminobiphenyl. 

The FUFCs for benzo(a)pyrene equivalents and 4-minobiphenyl were applied to account for the 

scattered nature of detections above the respective residential RBCs over the area of investigation. 

In no instance ,were both compounds present at a single location in excess of their RBCs. These 

results support the premise that materials may have been discarded in a haphazard manner along 

the of Least Tern and West Roads. It is possible that an individual (worker or resident) could be 

periodically exposed to soil in a finite area with concentrations in excess of the FI/FC adjusted 

EPCs. However, the hot-spot approach was considered a more reasonable approximation of true 
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chronic exposure potential, and did not exclude any COPC from consideration based on lack of 

spatial correlation. 

Quantification of Exposure 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.10.10 and 10.10.1 1, 

respectively. 

10.10.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.10.12 

presents toxicological information specific to each COPC identified at AOC 6891690. This 

information was used in the quantification of risWhazard associated with soil contaminants. Brief 

toxicological profiles for each COPC are provided in the following paragraphs. 

Benzidine (surrogate for Cminobiphenyl) can cause bladder irritation in humans, brain cell 

vacuolizations, and liver cell alterations in female mice. The oral RfD for benzidine is 

3E-03 mglkg-day with an uncertainty factor of 1,000. Benzidirle has been classified by USEPA's 

weight-of-evidence as group "A, " human carcinogen, based on observation of increased incidence 

of bladder cancer and related deaths in exposed workers. The oral SF for benzidine is 

2.3E+02 mglkg-day, and the inhalation SF is 6.7E-02. 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Another target is the blood, where antimony concentrates. Antimony is used frequently in 

industry, and primary exposure route to the general population is ingestion. Antimony is also a 

common air pollutant from industrial emissions. USEPA has not classified antimony as a 

carcinogen, and the oral RfD is 0.0004 rnglkg-day (Klaasen, et al., 1986). The oral RfD is based 

on a LOAEL of 0.35 mglkg-day , an uncertainty factor of 1,000, and a modifying factor of 1. 
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Arsenic exposure via the ingestion route causes darkeniag and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et al., 1986). USEPA set 0.3 pglkg-day as the RfD for arsenic 

based on a NOAEL of 0.8 yglkg-day in a human exposure study. The effects of arsenic on the 

nervous and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arseniccontaining materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. 

Arsenic has been classified as a group A carcinogen by USEPA, which established the 

1.5 (mg1kgday)-' SF. As listed in IRIS, the basis for the classification is sufficient evidence from 

human data. An increased lung cancer mortality was observed in multiple human populations 

exposed primarily through inhalation, Also, increased mortality from multiple internal organ 

cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were observed 

in populations consuming drinking water high in inorganic arsenic. Human milk contains about 

3 pg/L arsenic. The tap-water RBC for arsenic is 0.045 yglL. As listed in IRIS, the critical 

effects of this chemical are hyperpigmentation, keratosis, and possible vascular complications. 

The uncertainty factor was determined to be 3 and the modifying factor was determined to be 1. 

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a , h)anthracene 

Indeno( l,2,3-cd)pyrene 

TEF 0.1 

TEF 1.0 

TEF 0.1 

TEF 0.01 

TEE; 0.001 

TEF 1.0 

TEF 0.1 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 10 - Site-Spec@c Evaluarions 

Some PAHs are toxic to the liver, kidney, and bIood. However, the toxic effects of the listed 

PAHs have not been well established, and there are no RfDs for these PAHs due to a lack of data. 

All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity is 

addressed relat.ive to that of benzo(a)pyrene, which has an oral SF of 7.3 (mglkg-day)-'. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assess~nent sections. Most carcinogenic PAHs have been so classified due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar, 

soot, or cigarette smoke). As listed in IRIS, human data that specifically link benzo(a)pyrene to 

a carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrenc: has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section  provide:^ information on the aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA classification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the Iikelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

presented as the risk per mg/kgday. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per ,ug/m3 air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity. 
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As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)antllracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria, (Klaasen, et al., 1986). 

Chromium exists in two stable, natural forms: CrZII and hexavalent CrITI. Acute exposure to 

chromium can result in kidney damage following oral exposure, or damage to the nasal mucosa 

and septum following inhalation exposure. Chronic inhalation exposure to CrVI has resulted in 

kidney and respiratory tract damage, as well as excess lung cancer in both animals and humans 

following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). 

Oral RfD values for Crm and CrVI are 1.0 and 5E-03 mg/kgday, respectively. For CrVI, the 

RfD is based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 

inhalation exposures, and an inhalation SF of 41 (mg/kgday)-' has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS, no critical effects were observed for CrIII. The uncertainty factor was 100 and the 

modifying factor was 10. As listed in IRIS, no critical effects were ob:served for CrVI. The 

uncertainty factor was 500 and the modifying factor was I .  
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Copper is a nutritionally essential element, necessary for many of the body's enzymes. In the 

past, lead pipes and solder were used for residential water pipes, and resulting lead concentrations 

in drinking water exceeded USEPA guidelines. Copper has been used to replace water pipes in 

residences sinc:e it is less toxic to man. Short-term exposure to copper can result in anemia (the 

lack of iron), the breakdown of red blood cells, and liver and kidney lesions. The target organs 

for copper are the liver, kidney, and red blood cell. Vitamin C reduces copper uptake from the 

gut, and other .substances can also influence copper uptake. Copper fumes can cause metal fume 

fever (Klaasen, et al., 1986). As listed in IRIS, the D classification is based on no human data, 

inadequate animal data from assays of copper compounds, and equivocal mutagenicity data. The 

USEPA RfD is 0.0371 mglkg-day, which is 2.6 mglday for the average adult (weighing 70 kg). 

In typical vitamin supplements, 2 mglday is the typical dose (NRC, 1989). 

Manganese is an essentia1 nutrient, but chronic exposure (0.8 mglkgday) causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (Klaasen et al., 1986; 

Dreisbach et a\. ,  1987). USEPA determined the RfD to be 0.14 mglkgday based on dietary 

uptake. USEPA recommended using a modifying factor of 3 when estimating intake from water. 

In addition, the body absorbs roughly twice as much manganese in water as it does manganese in 

food. Because of the different uptake rates in water and food, two RfDs were used in this HHRA 

- one for water and one for food. The RfDs used are 0.047 and 0.023 mglkg-day, respectively. 

Inhalation of manganese dust causes neurological effects and increased incidence of pneumonia. 

An inhalation KfD was set to 1.43E-05 mglkgday . 

According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, its 

cancer class is, group D. As listed in IRIS, this classification is based on studies that are 

inadequate to assess the carcinogenicity of manganese. Manganese is considered essential to 

human health; the typical vitamin supplement dose is 2.5 mglday. As listed in IRIS, the critical 
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effects of this chemical in water in the oral summary are CNS effects. The uncertainty factor was 

1 and the recommended modifying factor of 3 was used to estimate soil and groundwater intake. 

As listed in IRIS, the critical effect of manganese in the inhalation summary is neuro-behavioral 

impairment. For inhalation uptake, the uncertainty factor was 1,000 and the modifying factor 

was 1. The IRIS RfC is 5E-05 mg/m3, 

10.10.6.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil was evaluated under both future residential and industrial (site worker) 

scenarios. For each scenario, the incidental ingestion and dermal contact exposure pathways were 

evaluated. For non-carcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposures. Tables 10.10.13 and 10.10.14 present 

the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soiIs, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for combined 

AOC 6891690 surface soils is 3E-05. The dermal pathway ILCR is 6E-06. Benzo(a)pyrene 

equivalents and arsenic were the primary contributors for each pathway. Surface soil incidental 

ingestion and dermal contact pathway hazard indices were 0.09 and 0.02 for adult residents, and 

0.8 and 0.06 for child residents, respectively. Arsenic, antimony, and chromium were the 

primary contributors. 
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Future Site Workers 

Site worker II,CRs are 4E-06 and 2E-06 for the ingestion and dermal contact pathways, 

respectively. .Arsenic was the primary contributor for both pathways. Surface soil incidental 

ingestion and dermal contact pathway hazard indices were less than 0.1 for site workers. 

The combined AOC is currently heavily vegetated dong the roadside with bare ground visible in 

most roadway areas. The roads are primarily gravel, and coal clinker is suspected to have been 

used as fill andlor roadbase material. The most common activities observed during the field 

investigation were recreational in nature (i.e., jogging). Current base reuse plans call for the 

combined AOC: area to be maintained as open buffer (undeveloped land). Should the existing land 

use remain the same in future use scenarios, the risWhazard projections presented below would 

be a significant. overestimates. 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). In this HHRA, a COC was considered to be any chemical contributing 

to a cumulative risk level of 1E-06 or greater andlor a cumulative hazard index above 1.0, and 

whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0.1, For carcinogens, 

this approach is relatively conservative, since a cumulative risk level of 1E-04 (and individual 

ILCR of 1E-06) is recommended by USEPA Region IV as the trigger for establishing COCs. The 

specified COC selection method was used in order to provide a more comprehensive evaluation 

of chemicals contributing to carcinogenic risk or non-carcinogenic hazard during the development 

of remedial goal options. Table 10.10.15 presents the COCs identified for AOCs 6891690. 
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Surface Soils 

Hypothetical Site Residents (future land use) 

BEQs, arsenic, and 4-minobiphenyl were identified as COCs for this scenario based on their 

contribution tcl the cumulative ILCR. 

Future Site Workers (current land use) 

Arsenic was identified as a COC for this scenario based on its contribution to the cumulative 

ILCR. 

Extent of COCs 

Arsenic was detected in 37 of 39 surface soil samples, with a maximum concentration of 

28.7 mglkg at 690SB029. All 37 detections were above the RBC for arsenic (0.43 mglkg) and 

two were also above the background value for arsenic (21.6 mglkg). 4-arninobiphenyl was 

detected in one of 23 surface soil samples (690SB020), at a concentration exceeding the RBC 

(2.8 /%/kg). 

Benzo(a)pyrene equivalents were reported at only 7 of 41 locations at concentrations above the 

residential RBC (0.087 mglkg), so chronic exposure at the maximum reported concentration is 

unlikely. The most concentrated area of BEQs exceedances included sample locations 690SB018, 

690SB031 and 690SB032, along the west bank of West Road. This area is a relatively steep 

sloped bank which merges into tidaI marsh at the base. It can be concluded with some certainty 

that the area could not be developed without extensive fill and regrading. As a result, a focused 

assessment of this area was not warranted. 
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10.10.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias in exposure assessment is introduced through exposure setting and 

pathway selection due to the highly conservative assumptions (i.e., future residential use) 

recommended by USEPA Region IV. The exposure assumptions made in the future site worker 

scenario are highly conservative and would tend to overestimate exposure. The area found to be 

impacted by COPCs ranges from heavily vegetated areas along the roadside to bare soil and 

gravel. Current site workers are infrequently exposed to surface soils, although direct contact is 

not inhibited by site features, 

Residential use of the site is not expected or likely, based on current site uses and the nature of 

surrounding area. Current reuse p l m  call for continued non-residential use of Zone I, with AOCs 

6891690 specifically slated to become open buffer space. If this area were to be used as a 

residential site, the regrading for development would likely change existing conditions. For 

example, surface soil would be covered with landscaping soil, a driveway, and/or a house. As 

discussed above, the impacted areas west of West and Least Tern Roads would require extensive 

f i l  prior to development. Consequently, exposure to current surface soil conditions would not be 

likely under a true future residential scenario. These factors indicate that exposure pathways 

assessed in this HHRA generally overestimate the risk and hazard posed to site workers and future 

site residents. 

Determination of Exposure Point Concentrations 

The BEQs, arsenic, chromium, copper, manganese, and antimony UCLs were used as the EPCs 

for these relatively widespread surface soil constituents. A hot-spot approach was used to project 

chronic daily intake for 4-aminobiphenyl, using the maximum concentration applied as the EPC 

and modified by a corresponding FVFC factor. 
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Frequency of Detection and Sp&l Distribution 

Arsenic was detected in 37 of 39 surface soil samples collected at AOCs 6891690, and was 

detected above its background concentration in two of these samples. The UCL value applied as 

the EPC for arsenic was well below the background concentration. Benzo(a)pyrene equivalents 

were detected in 17 of 41 surface soil samples and exceeded the residential R3C in seven samples 

(690SB007,640SB010,690SB18,690SB029,690SB03 1,690SB032, and 690SB042). The EPC 

for BEQs was 0.79 mglkg, which was the UCL. 4-aminobiphenyl was detected in only one of 

23 surface soil samples (690SB020) at a concentration above the residential RBC. The EPC for 

4-aminobiphenyl was established as the maximum detected (0.06 mglkg at location 690SB020), 

Exceedances for BEQs and 4-aminobiphenyl were not co-located in any instance. FI/FC factors 

were derived for each to account for limited areal extent. These factors were conservatively 

estimated based upon frequency of detection and approximation of the area impacted. 

The FIIFCs for BEQs and 4-aminobiphenyl were applied to account for the scattered nature of hits 

above the residentia1 RBCs over the area of investigation. These results support the premise that 

materials may have been discarded in a haphazard manner along the of Least Tern and West 

Roads. Where there was visual evidence of potential surface soil impacts, sampling locations were 

biased in an attempt to identify grossly contaminated areas. The hot-spot approach was considered 

a more reasonable approximation of true chronic exposure potential, and did not exclude any 

COPC from cc~nsideration based on lack of spatial correlation. 

The benzo(a)pyrene equivalents impacted soil samples were collected along the west bank of West 

Road. This area is a relatively steep sloped bank which merges into tidal marsh at the base. It 

can be concluded with some certainty that the area could not be developed without extensive fill 

and regrading. As a result, a focused assessment of this area was not warranted. 
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Quantification of RisWHazard I 

Many site-specific factors affect the uncertainty of this assessment and cause upward bias in the 2 

risk and hazard estimates. Exposure pathway-specific sources of uncertainty are discussed below. 3 

Of the CPSSs screened from formal assessment, none of these eliminated was reported at a s 

concentration close to the corresponding RBC (i.e., within approximately 10% of the RBC). This 6 

minimizes the likelihood of potentially significant cumulative risWhazard with respect to the 7 

eliminated CPSSs. Aluminum exceeded its RBC, but was eliminated from formal assessment s 

because it did not exceed the corresponding background concentration. 9 

10 

Central tendency (CT) analysis was not formally performed for AOCs 6891690 surface soil, but 11 

a simplified approach was taken to assess the potential influences of CT assumptions. The CT 12 

assumption for residential exposure duration is nine years, compared to the 30 year assumption 

for RME. The exposure frequency assumption is 234 dayslyear compared to 350 dayslyear RME. 

Standard CT ingestion rate estimates are 50 % lower for child than adult receptors. If all other 

exposure assumptions remain fixed, application of the CT exposure duration and frequency as well 

as ingestion rate would result in risk projections 90% below the RME. At CT, the residential 

surface soil pathway-related risk (incidental ingestion and dermal contact) would drop from 4E-05 

to almost 4E-06. 

Although the future land use of the combined AOCs is unknown, both the future industrial 

(worker) and residential exposure scenarios were assessed in this HWRA. As previously 

discussed, it is likely that these scenarios would lead to overestimate risk and/or hazard. 

Background-Related Risk 

Aluminum was detected in surface soil at concentrations above its RBC. This element was 26 

eliminated from consideration in the risk assessment based on comparison to its background value. 27 
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It is not unusual for naturally occurring or background concentrations of some elements to exceed 

risk-based conc:entrations. The following addresses the riswhazard associated with the background 

concentration of aluminum. 

The maximum surface soil concentration of aluminum (22,400 mglkg) equates with hazard 

quotients of 0.3 and 0.02 for the resident child and site worker, respectively. The background 

value for aluminum (27,400 mglkg) results in hazard quotients of 0.4 and 0.02 for the resident 

child and site worker, respectively. 

10.10.6.7 Risk Summary 

The risk and hazard posed by contaminants at AOCs 6891690 were assessed for the hypothetical 

future site wofker and the site resident under reasonable maximum exposure assumptions. This 

HHRA assessed the incidental ingestion and dermal contact pathways for surface soils. 

Table 10.10. lti presents the risk summary for each pathwaylreceptor group evaluated. 

Soil - Residential Scenario 

The residential soil pathway COCs identified for AOCs 6891690 are benzo(a)pyrene equivalents, 

arsenic, and 4-aminobiphenyi. Figures 10.10.14 and 10.10.15 show point risk and hazard 

estimates for combined AOC 690 based on surface soil exposure pathways under a future 

residential scenario. Table 10.10.17 summarizes the risk and hazard contribution of each COPC 

at each sample location. 

The point risk map is based on the unlikely assumption that a future site resident will be 

chronically exposed to specific points. Exposure to surface soil conditions would more likely the 

result of uniform exposure to the soil conditions of the entire site (or exposure unit area) rather 

than specific points. Given this, the risk maps and summary table are useful to illustrate spatial 

distribution of the chemicals driving risk estimates. 
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Table 10.10.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 689 and 690 
Charleston Naval Complex 
Charleston, South Carolina 

AOCs Location Parameter Concentration Units Hazard Index Risk (E-06) 

690 BOO1 Arsenic (As) 7.5 mglkg 0.343 19.59 
690 BOO1 Chromium (Cr) 22.5 mglkg 0.062 NA 
690 BOO1 Copper (Cu) 87.6 mglkg 0.030 NA 
690 BOO1 Manganese (Mn) 143 mglkg 0.042 NA 

Total 0.476 19.59 

690 8002 Arsenic (As) 26.3 mglkg 1.202 68.70 
690 BOO2 Henzo(a)pyrene equivalents 9.47 uglkg NA 0.16 
690 BOO2 Chromium (Cr) 19.85 mglkg 0.054 NA 
690 8002 Copper (Cu) 35.45 mglkg 0.012 NA 
690 BOO2 Manganese (Mn) 

Total 

690 6003 Arsenic (As) 
690 6003 (2hromium (Cr) 
690 8003 Manganese (Mn) 

Total 

1.7 mglkg 0.078 4.44 
7.7 rnglkg 0.021 NA 
199 mglkg 0.058 NA 

0.157 4.44 

690 BOO4 Arsenic (As) 11.2 mglkg 0.512 29.25 
690 BOO4 Henzo(a)pyrene equivalents 8.6 uglkg NA 0.14 
690 BOO4 Chromium (Cr) 25.7 mglkg 0.070 NA 
690 BOO4 Copper (Cu) 46.5 mglkg 0.016 NA 
690 BOO4 Manganese (Mn) 245 mglkg 0.071 NA 

Total 0.670 29.40 

690 BOO5 Arsenic (As) 
690 8005 Chromium (Cr) 
690 6005 Copper (Cu) 
690 8005 Manganese (Mn) 

Total 

5.8 mglkg 0.265 15.15 
132 mglkg 0.362 NA 

87.3 mglkg 0.030 NA 

690 BOO6 Arsenic (As) 2.1 mglkg 0.096 5.49 
690 8006 Chromium (Cr) 21.2 mglkg 0.058 NA 
690 BOO6 Manganese (Mn) 62.7 mglkg 0.018 NA 

Total 0.172 5.49 

690 8007 Arsenic (As) 2.2 mglkg 0.101 5.75 
690 8007 Benzo(a)pyrene equivalents 858.65 uglkg NA 14.22 
690 8007 Chromium (Cr) 9.5 mglkg 0.026 NA 
690 BOO7 Manganese (Mn) 

Total 
58.6 mglkg 0.017 NA 

0.144 19.97 

690 8008 Arsenic (As) 4.7 mglkg 0.215 12.28 
690 8008 Chromium (Cr) 1 1.9 mglkg 0.033 NA 
690 8008 Copper (Cu) 24.2 mglkg 0.008 NA 
690 BOO8 Manganese (Mn) 203 mglkg 0.059 NA 

Total 0.315 12.28 

690 8009 Arsenic (As) 
690 BOO9 Chromium (Cr) 

3.6 mglkg 0.165 9.40 
66.2 mglkg 0.182 NA 



Table 10.10.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 689 and 690 
Charleston Naval Complex 
Charleston, South Carolina 

AOCs Location Parameter Concentration Units Hazard Index Risk (E-06) 
690 BOO9 Manganese (Mn) 147 mglkg 0.043 NA 

Total 0.389 9.40 

690 801 0 Arsenic (As) 7.4 mglkg 0.338 19.33 
690 BOA0 Benzo(a)pyrene equivalents 317.63 uglkg NA 5.26 
690 B010 Chromium (Cr) 48 mglkg 0.132 NA 
690 B010 Copper (Cu) 321 mglkg 0.109 N A 
690 B010 Manganese (Mn) 135 mglkg 0.039 NA 

Total 0.618 24.59 

690 8011 Arsenic (As) 
690 BOf 1 Chromium (Cr) 
690 BOA1 Copper (Cu) 
690 8011 ~ a k a n e s e  (Mn) 

Total 

6.7 mglkg 0.306 17.50 
36.4 mglkg 0.100 NA 
37.1 mglkg 0.013 NA 
178 mglkg 0.052 NA 

0.471 17.50 

690 B012 Arsenic (As) 9.8 mglkg 0.448 25.60 
690 8012 Benzo(a)pyrene equivalents 78.35 uglkg NA 1.30 
690 B012 Chromium (Cr) 19.7 mglkg 0.054 NA 
690 8012 Copper (Cu) 16.1 mglkg 0.005 NA 
690 B012 Manganese (Mn) 

Total 

690 8013 Arsenic (As) 
690 8013 Chromium (Cr) 
690 8013 Copper (Cu) 
690 B013 Manganese (Mn) 

Total 

60.4 mglkg 0.018 NA 
0.525 26.90 

9.2 mglkg 0.421 24.03 
55.9 mglkg 0.153 NA 
32.5 mglkg 0.01 1 NA 
289 mglkg 0.084 NA 

0.669 24.03 

690 8014 Arsenic (As) 6.4 mglkg 0.293 16.72 
690 B014 Benzo(a)pyrene equivalents 57.66 uglkg NA 0.95 
690 8014 Chromium (Cr) 31.4 mglkg 0.086 NA 
690 8014 Copper (Cu) 20.4 mglkg 0 007 NA 
690 8014 Manganese (Mn) 

Total 
4 11 mglkg 0.032 NA 

0 418 17.67 

690 6015 Arsenic (As) 9.7 mglkg 0 443 25.34 
690 8015 Benzo(a)pyrene equivalents 74.17 uglkg NA 1.23 
690 8015 Chromium (Cr) 32.5 mglkg 0 089 NA 
690 B015 Chromium (Hexavalent) 3.98 mglkg 0 011 NA 
690 8015 Copper (Cu) 20.25 mglkg 0 007 NA 
690 801 5 Manganese (Mn) 281.5 mglkg 0 082 NA 

Total 0 632 26.56 

690 8046 Arsenic (As) 1.9 mglkg 0 087 4.96 
690 B016 Benro(a)pyrene equivalents 4.64 uglkg NA 0.08 
690 6016 Chromium (Cr) 131 mglkg 0.359 NA 
690 B016 Copper (Cu) 35.8 mglkg 0.012 NA 
690 6016 Manganese (Mn) 54.4 mglkg 0.016 NA 

Total 0 474 5.04 



Table 10.10.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 689 and 690 
Charleston Naval Complex 
Charleston, South Carolina 

AOCs Location Parameter Concentration Units Hazard Index Risk (E-06) 
690 B017 Arsenic (As) 3.6 mglkg 0.165 9.40 
690 B017 Chromium (Cr) 33.4 mglkg 0.092 NA 
690 6017 Copper (Cu) 15.2 mglkg 0.005 NA 
690 8017 Manganese (Mn) 25.8 mglkg 0.008 NA 

Total 0.269 9.40 

Arsenic (As) 
Henzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
(zhromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Henzo(a)pyrene equivalents 
(;hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

t3enzo(a)pyrene equivalents 
Chromium (Cr) 
Antimony (Sb) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

10.7 mglkg 0.489 27.95 
1788.6 uglkg NA 29.62 

29.4 mglkg 0.081 NA 
74.4 mglkg 0.025 NA 
76.3 mglkg 0.022 NA 

0.617 57.57 

1.3 mglkg 0.059 3.40 
5.98 uglkg NA 0.10 
42.7 mglkg 0.117 NA 
90.7 mglkg 0.031 NA 
82.2 mglkg 0.024 NA 

0.231 3.49 

11.8 mglkg 0.539 30.82 
60.98 uglkg NA 1.01 
26.5 mglkg 0.073 NA 
18.5 mglkg 0.006 NA 
77.5 mglkg 0.023 NA 

0.641 31.83 

6.7 mglkg 0.306 17.50 
7.57 uglkg NA 0.13 
19.3 mglkg 0.053 NA 

23 mglkg 0.008 NA 
113 mglkg 0.033 NA 

0.400 17.63 

0.39 uglkg NA 0.01 
6.5 mglkg 0.018 NA 

0.28 mglkg 0.01 0 NA 
2.1 mglkg 0.001 NA 
14 mglkg 0.004 NA 

0.032 0.01 

7.9 mglkg 0.361 20.63 
21.8 mglkg 0.060 NA 
9.3 mglkg 0.003 NA 

4.1 mglkg 0.01 1 NA 
0.72 mglkg 0.000 NA 



Table 10.10.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 689 and 690 
Charleston Naval Complex 
Charleston, South Carolina 

AOCs Location Parameter Concentration Units Hazard Index Risk (606) 

690 8025 Arsenic (As) 2.6 mglkg 0.119 6.79 
690 B025 Chromium (Cr) 10.3 mglkg 0.028 NA 
690 8025 Copper (Cu) 16.7 mglkg 0.006 NA 
690 8025 Manganese (Mn) 83.2 mglkg 0.024 NA 

Total 0.177 6.79 

690 B026 Arsenic (As) 5.5 mglkg 0.251 14.37 
690 B026 Chromium (Cr) 57.6 mglkg 0.158 NA 
690 B026 Chromium (Hexavalent) 0.512 mglkg 0.001 NA 
690 8026 Copper (Cu) 17.3 mglkg 0.006 NA 
690 B026 Manganese (Mn) 

Total 

690 8027 Arsenic (As) 
690 8027 Chromium (Cr) 

54.2 rnglkg 0.016 NA 
0.432 14.37 

8.2 mglkg 0.375 21.42 
38.1 mglkg 0.104 NA 

690 6027 Copper (Cu) 25.2 mglkg 0.009 NA . .  . . 

690 B027 Manganese (Mn) 
Total 

690 6028 Arsenic (As) 
690 6028 Chromium (Cr) 
690 8028 Copper (Cu) 
690 8028 Manganese (Mn) 

Total 

7 mglkg 0.320 18.28 
27.6 mglkg 0.076 NA 

14 mglkg 0.005 NA 
125 mglkg 0.036 NA 

0.437 18.28 

690 8029 Arsenic (As) 28.7 mglkg 1.312 74.96 
690 8029 Benzo(a)pyrene equivalents 24.57 uglkg NA 1.72 
690 8029 Chromium (Cr) 19.3 mglkg 0.053 NA 
690 8029 Copper (Cu) 22.3 rnglkg 0.008 NA . .  . . 

690 B029 Manganese (Mn) 
Total 

690 8030 Arsenic (As) 
690 8030 Chromium (Cr) 
690 8030 Copper (Cu) 
690 0030 Manganese (Mn) 

Total 

5.3 mg/kg 0.242 13.84 
21.2 mglkg 0.058 NA 
12.6 mglkg 0.004 NA 
142 mglkg 0.041 NA 

0.346 13.84 

690 8031 Benzo(a)pyrene equivalents 743.76 uglkg NA 12.32 

690 B032 Benzo(a)pyrene equivalents 364.99 uglkg NA 6.04 

690 8034 Arsenic (As) 
690 8034 Antimony (Sb) 
690 8034 Chromium (Cr) 
690 8034 Copper (Cu) 
690 B034 Manganese (Mn) 

Total 

10 mglkg 0 457 26.12 
24.5 mglkg 0 840 NA 
58.7 mglkg 0 161 NA 
123 mglkg 0 042 NA 
112 mglkg 0.033 NA 

1 532 26.12 

690 B035 Arsenic (As) 7.5 mglkg 0 343 19.59 



Table 10.10.17 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
AOCs 689 and 690 
Charleston Naval C:omplex 
Charleston, South Carolina 

AOCs Location Parameter Concentration Units Hazard Index Risk (E-06) 
690 B035 Chromium (Cr) 45.4 mglkg 0.125 NA 
690 B035 Copper (Cu) 37.4 mglkg 0.013 NA 
690 8035 Manganese (Mn) 106 mglkg 0.031 NA 

Total 0.51 1 19.59 

690 8036 Arsenic (As) 10.9 mglkg 0.498 28.47 
690 B036 (2hromium (Cr) 43.7 mglkg 0.120 NA 
690 8036 Copper (Cu) 20.8 mglkg 0.007 NA 
690 B036 Manganese (Mn) 461 mglkg 0.1 34 NA 

Total 0.760 28.47 

690 B037 Arsenic (As) 3.35 mglkg 0.153 8.75 
690 B037 Antimony (Sb) 0.46 rnglkg 0.01 6 NA 
690 B037 Chromium (Cr) 26.85 mglkg 0.074 NA 
690 B037 Copper (Cu) 8.85 mglkg 0.003 NA 
690 B037 Manganese (Mn) 268 mg/kg 0.078 NA 

Total 0.324 8.75 

690 8038 Arsenic (As) 1.5 mg/kg 0.069 3.92 
690 B038 (Zhromium (Cr) 14.3 mglkg 0.039 NA 
690 B038 Copper (Cu) 12.7 mglkg 0.004 NA 
690 B038 Manganese (Mn) 42.9 mglkg 0.01 3 NA 

Total 0.125 3.92 

690 8039 Arsenic (As) 
690 B039 Antimony (Sb) 
690 8039 Chromium (Cr) 
690 B039 Copper (Cu) 
690 8039 Manganese (Mn) 

Total 

Arsenic (As) 
I;hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Henzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

1.5 mglkg 0.069 3.92 
0.57 mglkg 0.020 NA 
13.9 mglkg 0.038 NA 
15.2 mglkg 0.005 NA 

3.7 mglkg 0.169 9.66 
28.3 mglkg 0.078 NA 
28.1 mglkg 0.010 NA 

2.3 mglkg 0.105 6.01 
10.4 mglkg 0.029 NA 
15.8 rnglkg 0.005 NA 
36.8 rnglkg 0.01 1 NA 

0.150 6.01 

2.8 mglkg 0.128 7.31 
245.23 uglkg NA 4.06 

40 mglkg 0.110 NA 
305 mglkg 0.104 NA 
125 rnglkg 0.036 NA 

0.378 11.37 



Zone I RCRA Facility Investigation Report 
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Revision: 0 

Most sample locations yielded ILCRs that were greater than 1E-06. Arsenic was the primary 

contributor to risk, and BEQs were the secondary contributon;. Risk estimates at the combined 

AOCs ranged from 1E-08 (690SB022) to 8E-05 (690SB029), with a mean risk estimate of 2E-05. 

Arsenic and chromium were primary contributors to hazard estimates at locations that yielded a 

hazard index above unity. Copper was secondary contributor. Hazard index estimates ranged 

from 0.01 (690SB024) to 1 (690SB029), with a mean hazard estimate of 0.4. 

Soil - Site Worker Scenario 

The industrial soil pathway COC identified for AOCs 689/690 is arsenic. Figure 10.10.16 gives 

point risk estimates based on soil exposure pathways under a future site workerlindustrial scenario. 

Table 10.10.18 summarizes the risk and hazard contribution of each CYOPC at each sample 

location. 

Most sample locations yielded ILCRs greater than 1E-06. Arsenic was the primary contributor 

to risk, and BEQS were secondary contributors. Risk estimates ranged from 1E-09 (690SB022) 

to 1E-05 (690SB029), with a mean risk estimate of 3E-06. 

Arsenic was the primary contributor to hazard estimates; however, hazard indices did not exceed 

unity at any location for the industrial scenario. Hazard index estimates ranged from 0.0007 

(690SB024) to 0.08 (690SB034), with a mean hazard estimate of 0.02. 

10.10.6.8 Remedial Goal Options 

RGOs for carcinogens were based on the lifetime-weighted average future site resident and future 

site worker, as presented in Table 10.10.19. Hazard-based RGC)s for the residential scenario were 

calculated based on the hypothetical child receptor. 



Zone I RCRA Fariliry Investigation Report 
Charleston Naval Complex 
Section 10 - Site-Specflc Evaluations 
Revision: 0 

10.10.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for AOC 6891640, COCs 

requiring further evaluation through the CMS process have been identified for surface soil. 

The site is in a moderately developed urban setting and risk to human health was evaluated under 

both future residential and industrial (site worker) scenarios. For these scenarios, the incidental 

ingestion and dermal contact exposure pathways were evaluated. Hazard was evaluated for 

noncarcinogenic contaminants through incidental ingestion and dermal contact as well. 

As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater and/or a cumulative hazard index above 1 .O, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

Arsenic, BEQs, chromium, copper, and 4-aminobiphenyl were identified as soil pathway COCs 

for AOC 6891'690. Table 10.10.20 presents cumulative and COC-specific exposure risks and 

hazard quotients. 

Risk-based remedial goals for surface soil are presented in Table 10.10.19. Potential corrective 

measures for soil are presented in Table 10.10.21. 
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Table f0.10.18 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
AOCs 689 and 690 
Charleston Naval Complex 
Charleston, South Carolina 

AOC location Parameter Concentration Units Hazard Index Risk (E-06) 

690 BOO1 Arsenic (As) 7.5 rnglkg 0.0172 2.77 
690 BOO1 Chromium (Cr) 22.5 mglkg 0.0031 NA 
690 6001 Copper (Cu) 87.6 mglkg 0.001 5 NA 
690 BOO1 Manganese (Mn) 143 mglkg 0.0021 NA 

Total 0.0239 2.77 

690 8002 Arsenic (As) 26.3 mglkg 0.0605 9.72 
690 8002 Benzo(a)pyrene equivalents 9.47 uglkg NA 0.03 
690 8002 Chromium (Cr) 19.85 mglkg 0.0027 NA 
690 8002 Copper (Cu) 35.45 mglkg 0.0006 NA 
690 8002 Manganese (Mn) 

Total 

690 8003 Arsenic (As) 
690 BOO3 Chromium (Cr) 
690 8003 Manganese (Mn) 

Total 

36.9 mglkg 0.0005 NA 
0.0644 9.75 

1.7 mglkg 0.0039 0.63 
7.7 mglkg 0.001 1 NA 
199 mglkg 0.0029 NA 

0.0079 0.63 

690 BOO4 Arsenic (As) 11:2 mglkg 0.0258 4.14 
690 BOO4 Benzo(a)pyrene equivalents 8.6 uglkg NA 0.03 
690 8004 Chromium (Cr) 25.7 mglkg 0.0035 NA 
690 8004 Copper (Cu) 46.5 mglkg 0.0008 NA 
690 8004 Manganese (Mn) 245 mglkg 0.0036 NA 

Total 0.0337 4.17 

690 6005 Arsenic (As) 5.8 rnglkg 0.0133 2.14 
690 BOO5 Chromium (Cr) 132 rnglkg 0.01 82 NA 
690 8005 Copper (Cu) 87.3 mglkg 0.0015 NA 
690 BOO5 Manganese (Mn) 162 mglkg 0.0024 NA 

Total 0.0354 2.14 

690 8006 Arsenic (As) 2.1 mglkg 0.0048 0.78 
690 8006 Chromium (Cr) 21.2 mglkg 0.0029 NA 
690 BOO6 Manganese (Mn) 62.7 mglkg 0.0009 NA 

Total 0.0087 0.78 

690 8007 Arsenic (As) 2.2 mglkg 0.0051 0.81 
690 6007 Benzo(a)pyrene equivalents 858.65 uglkg NA 2.89 
690 8007 Chromium (Cr) 9.5 mglkg 0.0013 NA 
690 8007 Manganese (Mn) 58.6 mglkg 0.0009 NA 

Totat 0.0072 3.70 

690 BOO8 Arsenic (As) 
690 BOO8 Chromium (Cr) 
690 BOO8 Copper (Cu) 
690 8008 Manganese (Mn) 

Total 

690 BOO9 Arsenic (As) 
690 BOO9 Chromium (Cr) 

4.7 mglkg 0.0108 1.74 
11.9 mglkg 0.0016 NA 
24.2 mglkg 0.0004 NA 
203 mglkg 0.0030 NA 

0.01 58 1.74 

3.6 mglkg 0.0083 1.33 
66.2 mgfkg 0.0091 NA 



Manganese (Mn) 
Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
C:hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
C;hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
C:hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
C:opper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
(;hromium (Hexavalent) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

,4rsenic (As) 
Benzo(a)pyrene equivalents 
lChromium (Cr) 

147 mglkg 0.0022 NA 
0.01 96 1.33 

7.4 mglkg 0.01 70 2.73 
317.63 uglkg NA 1.07 

48 mglkg 0.0066 NA 
321 mglkg 0.0055 NA 
135 rnglkg 0.0020 NA 

0.0311 3.80 

6.7 mglkg 0.01 54 2.48 
36.4 mg/kg 0.0050 NA 
37.1 mglkg 0.0006 NA 
178 mglkg 0.0026 NA 

0.0237 2.48 

9.8 mglkg 0.0225 3.62 
78.35 uglkg NA 0.26 
19.7 mglkg 0.0027 NA 
16.1 mglkg 0.0003 NA 
60.4 mglkg 0.0009 NA 

0.0264 3.88 

9.2 mglkg 0.0212 3.40 
55.9 mglkg 0.0077 NA 
32.5 mglkg 0.0006 NA 

6.4 mglkg 0.0147 2.36 
57.66 uglkg NA 0.19 
31.4 mglkg 0.0043 NA 
20.4 mglkg 0.0003 NA 
11 1 mglkg 0.0016 NA 

0.0210 2.56 

9.7 mglkg 0.0223 3.58 
74.17 uglkg NA 0.25 
32.5 mglkg 0.0045 NA 
3.98 mglkg 0.0005 NA 
20.25 mglkg 0.0003 NA 
281.5 mglkg 0.0041 NA 

0.031 8 3.83 

1.9 mglkg 0.0044 0.70 
4.64 uglkg NA 0.02 
131 mglkg 0.0181 NA 
35.8 mglkg 0.0006 NA 

3.6 mglkg 0.0083 1.33 
33.4 mglkg 0.0046 NA 
15.2 mglkg 0.0003 NA 

10.7 mglkg 0.0246 3.95 
1788.6 uglkg NA 6.02 
29.4 mglkg 0.0041 NA 



Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Benzo(a)pyrene equivalents 
Chromium (Cr) 
Antimony (Sb) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Chromium (Hexavalent) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

74.4 mglkg 0.001 3 NA 
76.3 mglkg 0.001 1 NA 

0.031 1 9.98 

1.3 mglkg 0.0030 0.48 
5.98 uglkg NA 0.02 
42.7 mglkg 0.0059 NA 
90.7 mglkg 0.0016 NA 
82.2 mglkg 0.0012 NA 

0.01 16 0.50 

11.8 mglkg 0.0271 4.36 
60.98 uglkg NA 0.21 
26.5 mglkg 0.0037 NA 
18.5 mglkg 0.0003 NA 
77.5 mglkg 0.001 1 NA 

0.0322 4.57 

6.7 mg/kg 0.0454 2.48 
7.57 uglkg NA 0.03 
19.3 mglkg 0.0027 NA 

23 mglkg 0.0004 NA 

0.39 uglkg NA 0.001 
6.5 mglkg 0.0009 NA 

0.28 mglkg 0.0005 NA 
2.1 mglkg 0.0000 NA 
14 mglkg 0.0002 NA 

0.0016 0.001 

7.9 mgikg 0.0182 2.92 
21.8 mglkg 0.0030 NA 
9.3 mg/kg 0.0002 NA 
150 mglkg 0.0022 NA 

0.0235 2.92 

4.1 mglkg 0.0006 NA 
0.72 mglkg 0.0000 NA 

8.7 mglkg 0.0001 NA 
0.0007 NA 

2.6 mglkg 0.0060 0.96 
10.3 mglkg 0.00 14 NA 
16.7 mglkg 0.0003 NA 

5.5 mglkg 0.01 26 2.03 
57.6 mglkg 0.0079 NA 

0.512 mglkg 0.0001 NA 
17.3 mglkg 0.0003 NA 
54.2 mglkg 0.0008 NA 

0.0218 2.03 

8.2 mglkg 0.0189 3.03 
38.1 mglkg 0.0053 NA 
25.2 mglkg 0.0004 NA 
196 mglkg 0.0029 NA 



Total 

Arsenic (As) 
C:hromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

7 mglkg 0.0161 2.59 
27.6 mglkg 0.0038 NA 

14 mglkg 0.0002 NA 
125 mglkg 0.0018 NA 

0.0220 2.59 

Arsenic (As) 
Benzo(a)pyrene equivajents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

28.7 mglkg 0.0660 10.60 
24.57 uglkg NA 0.35 

19.3 mglkg 0.0027 NA 
22.3 mglkg 0.0004 NA 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

5.3 mglkg 0.0122 1.96 
21.2 mglkg 0.0029 NA 
12.6 mglkg 0.0002 NA 
142 mglkg 0.0021 NA 

0.0174 1.96 

Benzo(a)pyrene equivalents 743.76 uglkg NA 2.50 

Benzo(a)pyrene equivalents 364.99 uglkg NA 1.23 

Arsenic (As) 
Antimony (Sb) 
Chromium (Cr) 
C:opper (Cu) 
Manganese (Mn) 

Total 

10 mglkg 0.0230 3.70 
24.5 mglkg 0.0422 NA 
58,7 mglkg 0.0081 NA 
123 mglkg 0.0021 NA 
112 mglkg 0.0016 NA 

0.0771 3.70 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

7.5 mglkg 0.01 72 2.77 
45.4 mglkg 0.0063 NA 
37.4 mglkg 0.0006 NA 
106 mglkg 0.001 6 NA 

0.0257 2.77 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

10.9 mglkg 0.0251 4.03 
43.7 mglkg 0.0060 NA 
20.8 mglkg 0.0004 NA 

Arsenic (As) 
Antimony (Sb) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

3.35 mglkg 0.0077 1.24 
0.46 mglkg 0.0008 NA 

26.85 mglkg 0.0037 NA 
8.85 mglkg 0.0002 NA 
268 mg/kg 0.0039 NA 

0.0163 1.24 

1.5 mglkg 0.0034 0.55 
14.3 mglkg 0.0020 NA 
12.7 mglkg 0.0002 NA 
42.9 mglkg 0.0006 NA 

0.0063 0.55 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Antimony (Sb) 
Chromium (Cr) 

1.5 mglkg 0.0034 0.55 
0.57 mglkg 0.0010 NA 
13.9 mglkg 0.0019 NA 



Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

Arsenic (As) 
Benzo(a)pyrene equivalents 
Chromium (Cr) 
Copper (Cu) 
Manganese (Mn) 

Total 

15.2 mglkg 0.0003 NA 

3.7 mglkg 0.0085 1.37 
28.3 mglkg 0.0039 NA 
28.1 mglkg 0.0005 NA 

2.3 mglkg 0.0053 0.85 
10.4 mglkg 0.0014 NA 
15.8 mglkg 0.0003 NA 
36.8 mglkg 0.0005 NA 

0.0075 0.85 

2.8 mglkg 0.0064 1.03 
245.23 uglkg NA 0.83 

40 mglkg 0.0055 NA 
305 mglkg 0.0052 NA 
125 mglkg 0.001 8 NA 

0.0190 1.86 
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Zone I RCRA Facility Investigation Report 
Charleston Naval Compltx 

Section I0 - Site-Specific Evaluarions 

Table 10.10.20 
AOC 6891690 

Cumulative and Chemical-Specific Exposure Risks ilnd Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residential 

Soil 

Arsenic 4-4E-6 3.I1E-5 0.027 0.55 

Cumulative 6.37E-6 4.7E-5 0.034 0.15 

Note: 
ND = Not detected 

Table 10.10.21 
AOC 6891690 

Potential Corrective Measures 
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Zone Z RCRA Ftzciliry Znvestigiztion R e p o ~  
Charleston Naval Complex 

Section 10 .- Site-SpeciJc Evaluatruatron.s 
Revision: 0 

0 11 SWMU 12, Old Firefighter Training Area 

SWMU 12 is the former firefighter training area located in the south\vestern portion of the 

southern peninsula. At this SWMU, flammable liquids were pumped into a shallow 30- to SO-foot 

diameter pit, ignited, and then extinguished with water. Training occurred between 1966 and 

197 1; the frequency of training and types of flammable liquids used are not documented. A gravel 

road and clearing at the SWMU, currently used infrequently as a construction laydown yard, are 

reportedly near the former training area's location. 

Materials of concern include petroleum hydrocarbons, coal ash, SVOCs, and metals. Potential 

receptors include workers who perform invasive and non-invasive activities at the site. Shipyard 

Creek and terrestrial ecological areas are also potential receptors. 

To fulfill RFI objectives, soil and groundwater were sampled in accordance with the approved 

f m l  RFI work plan and Section 3 of this report. Sampling was conducted 1.0 evaluate the presence 

of any contamination resulting from past activities at the site. 

10.11.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at SWMU 12 at the locations shown OIL Figure 10.11.1. The 

approved final RFI work plan proposed collection of 13 soil samples from1 the upper-interval and 

13 from the lower-interval. During the first-round of sampling, 12 upper-interval samples were 

collected and analyzed for the standard suite (VOCs, SVOCs, metals, qyanide, pesticides, and 

PCBs) and organotins at DQO Level III. One proposed sample location was inaccessible because 

of construction materials in the laydown yard. No lower-interval samples were collected because 

the water table was at less than 5 feet bgs. Two samples were collected as duplicates and 

submitted for Appendix IX analysis, which includes the standard suite plus herbicides, 

hexchrome, OP pesticides, and dioxins. 



Zone I RCRA Facility Investigarion Report 
Charleston Naval Complex 
Sem'on 10 - Site-$ecific EvaluaCiom 
Revision: 0 

Second-round sampling was performed following comparison of first-round analytical results to r 

the USEPA Region I11 Risk-Based Concentration Table, April 1998 and to further delineate the 2 

extent of dioxins at the site. A review of the preliminary (unvalidated) data indicated the presence 3 

of PAHs above RBCs in the vicinity of 012SB001 and 012SB002. Three additional samples were 4 

collected in this vicinity and analyzed for SVOCs at DQO Level III. Three samples were collected 5 

for dioxins in December 1998 in the vicinity of soil borings 012SB001 and 6 

012SBOlO.Table 10.1 1.1 summarizes the first and second-round of soil sampling. 7 

Table 10.11.1 
m u  

Soil Sampling Summary 

Sampling Sampling 

2 06/20/95 Upper - 3 s v o c s  Samples were collected to delineate the 
potential extenf of PAHs. 

3 12flW98 Upper - 3 Dioxins Dioxin samples wen Foxlead ia Qec. 1998 
to further delimate rhe extent of dioxin at the 

Lower - 3 Dioxins site. 

D u r n  - 1 Dioxins 

Notes: 
N A = Not Applicable 
( )  = Parenthesis indicate number of samples proposed in RFt work plan. 
Standard Suite = VOCs. SVOCs, metals, cyanide, pesticides, and PCBs at DQO Level In. 
Appendix IX = Sundard Suite, plus hexchrome, dioxins, herbicides, pesticides at DQO Levet IV. 
Physical parameters analysis included CEC, chloride, sulfur, ammonia, nitratelnitrite, phosphorus. TOC, and total moisture. 

10,11,2 Nature and Extent of Contamination in Soil t 

Organic compound analytical data for soil are summarized in TabIe 10.11.2. Inorganic compound 2 

analytical data are presented in Table 10.1 1.3. Table 10.1 1.4 summarizes analytes detected in 3 

surface soil at SWMU 12. Appendix D contains the complete analytical data report for all samples 4 

collected in Zone I, including those from SWMU 12. 5 
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Section 10 .- Site-Specific Evaluations 

Volatile Organic Compounds in Soil 

Three VOCs - acetone, 2-Butanone, and toluene - were detected in SWMIJ 12 upper-interval soil 

samples. None was detected above the respective RBC. 

Semivolatile Organic Compounds in Soil 

Eight SVOCs were detected in soil samples collected at SWMU 12. Of these, only benzo(a)pyrene 

(100 pgtkg) was detected at a concentration that exceeded its RBC. The upper-interval sample 

collected at 012SB014 was the only sample that contained benzo(a)pyrenc:. 

In accordance with recent cPAH guidance (USEPA Interim Supplement(z1 Guidance to RAGS: 

Region IV Bulletins, Human Health Risk Assessment, Bulletin No. 2 [USEPA 1995al) and 

Section 7 of this report, BEQs were calculated for cPAHs at SWMU 12. The maximum BEQ, and 

the only one to exceed the RBC of 87 pglkg, was calculated at 147 pglkg for sample 012SB01401. 

Pesticides and PCBs in Soil 

Seven pesticides were detected at SWMU 12, all far below the respective RBCs. No PCBs were 

detected. 

Table 10.11.2 
SWMU 12 

Organic Compouad Annlytid Results for Surface and Subsurface Soid bglkg) 

Sample Detection RBC (upper) Number of Samples 
Parameter Intewnl Freaucaev Detectiw Ranee Mean SSL flower) Exceedinn RBC 

Volatile OreDnic Commmds 

Acetone Upper 91 12 9.0 - 67.0 34.2 780,CoO 0 
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Table 10.11.2 
m u  

Organic Compound Analytical R d b  for Surface and Subsurface Soil (&kg) 

Sample Detection RBC (upper) Number of Samples 
Parameter Intervd Frequency Detection Rame Mean SSL ('lower) Exceeding RBC 

Chrysene upper 3/15 65.0 - 130.0 93.0 87,oO 0 

Rumnthonc Upper 3/15 76.0 - 81.0 78 -7 3 10,000 0 

Pyrene Upper 3/15 60.0 - 180 100 230,W 0 

Pesticides & PCBs 

Endrin aldehyde Upper 3/12 1.7 - 3.6 2.5 2,300 0 

be~t-EiC Upper 1/12 8.0 8.0 350 0 

Orpanotin Compounds 

Tewbcltylpln upper 2/12 198 - 316 257 2.300 0 

Dioxin Comm~mds 

' m ! s  upper 5/5 2 . 5 5 8 4  -3.15E43 9.66- 4.38-03 0 
Lower 313 4.WM4.39E-02 I .82EM 1600 

1234678-HpCDD Upper 515 1.13E-02-7.30E-02 2.43E42 0.43 0 
Lower 313 4.98-04-3.46E-03 3.47E-04 I08000 

123478-HxCDF 315 6.228-04 - 2.21E-03 1.19E-03 0.043 0 

OCDD Upper 515 0.118 - 0.859 0.283 4.3 0 
Lower 313 4.15E-03-3.93EM 1.63E-02 1080 

QCDF Upper 515 2.29843 - 2.18EM 7.67E-03 4.3 0 
h w e r  I13 9.47- 9.67E-M 540 

Notes: 
pglkg = micrograms per kilogram 
RBC = Risk-based concentration 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Other Organic Compounds in Soil 

Tetrabutyltin was detected in sample 012SB01201 at 316.2 pglkg; however, this detection did not 

exceed the RBC. 

Dioxins and dibenzofurans were detected in 012SB00101, 012SB01001, 012SB01601, 

012SB01701, and 012SB01801 at SWMU 12. In accordance with recent dioxin guidance (USEPA 

Interim Supplemental Guidance to RAGS: Region IV Bulletins Human Health Risk Assessment, 

Bulletin No. 2 [USEPA 1995a]), and Section 7 of this report, the TEQs were calculated as 

3.37E-04 pg/kg, 2.55E-04 pg/kg, 3.14E-03, 6.37E-04, and 4.5 1E-04 for samples 012SB00101, 

012SB01001,012SB01601,012SB01701, and 012SB01801 respectively. These TEQs are below 

the RBC of 4.3E-3 pglkg for 2,3,7,8-TCDD, 

Inorganics in Soil 

Twenty-three metals were detected in surface soil samples. No metal concentration exceeded the 

respective RBC . 

The original SWMU 12 RFI, submitted in January 1996, has been updated to include results from 

more recent sampling efforts. This document (revised and submitted in March 1999) represents 

"Revision 0" of the original January 1996 RFI. 

No changes to extent of contamination definition were identified through the additional soil sample 

collection and analysis; therefore no changes to the January 1996 version of the SWMU 12 RFI 

Report Fate and Transport, Human Health Risk Assessment, and Conclusion sections or the 

Zone I Ecological Risk Assessment section were made. 

10.11.3 Groundwater Sampling and Analysis 

To characterize groundwater quality at SWMU 12, three shaIlow monitoring wells were installed 

and sampled in accordance with the approved final RFI work plan. Table 10.11.5 summarizes the 
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groundwater sampling and analysis and Figure 10.11.1 shows monitoring well locations. The 1 

wells were sampled in the first-round for VOCs, SVOCs, metals, cyanide, pesticides, PCBs, 2 

organotins, hex-chrome, OP pesticides, dioxins, chlorides, TDS, and sulfates at DQO Level III. 3 

Second- and third-round samples from all wells were analyzed for cyanide, metals, chloride, 4 

sulfate, and TDS. Samples from one well were also analyzed for chloride, sulfate, and TDS. 5 

Fourth-round samples from all wells were analyzed for the standard suite plus chlorides, TDS, 6 

sulfates, and dioxins. 7 

Table 10.11.5 
SWMUl2 

Groundwater Sampling Summary 

Number of 

2 01/16/% 3 Chloride, cyanide, sulfate, metals. 1 well (012001) was analyzed for 
pesticides, PCBs. TDS chtolide, sulfate, and TDS. 

3 0513 1 /% 3 Chloride, cyanide, sulfate. metals, t w e t  t01200i) was rnalyxed for 
06/03/% peuicides, PCBs, TIN cMolidc, artate, and TDs, 

4 09/04/96 3 Standard Suite, chloride, TDS, sulfate. N A 
09/09/% dioxins 

Notes: 
Standard Suite = VOCs, SVOCs. metals. cyanide, pesticides, and PCBs at DQO Level nI. 

The shallow monitoring wells were installed to 12.5 feet bgs in the upper sand layer of the Wando I 

Formation. All wells were installed in accordance with Section 3.2.3 of this report. 2 

Groundwater samples were also collected from a shallowldeep grid-based monitoring well pair 3 

(GD1003lGD103D) located adjacent to SWMU 12. Both of these wells were sampled during all 4 

four sampling events, with analysis for the standard suite of parameters plus chloride, sulfate, and s 

TDS. Samples from both wells were also analyzed for organotins (first-round) and dioxins 6 

(GDI003,all rounds; GDT03D, first- and fourth-rounds. 7 
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ShalIow grid well GDI003 was installed at 12.5 feet bgs in the upper sand layer of the Wando 

Formation. Deep grid well GDI03D was installed at 62 feet bgs. All wells were installed in 

accordance with Section 3.2.3 of this report. 

Results of the grid-based well sample analyses are presented in Appendix D and discussed below 

together with groundwater analytical results for SWMU 12. 

10.11.4 Nature and Extent of Contamination in Groundwater 

Table 10.11.6 summarizes the organic analytical results for groundwater at SWMU 12 and 

Table 10.1 1.7 summarizes the inorganic analytical resuIts. Table 10.1 1.8 summarizes analytes 

detected in shallow groundwater. Appendix D contains a complete analytical data for all samples 

collected in Zone I, 

Volatile Organic Compounds in Groundwater 

Two VOCs - acetone and chlorobenzene - were detected in frrst-round groundwater samples at 

concentrations below their respective RBCs. Neither was detected in the fourth-round. (VOCs 

were not included in groundwater analyses in the second- and third-rounds of sampling.) 

Acetone (60 ,ug/L) was detected in shallow groundwater samples from GDI003 during the 

first-round at a concentration far below its tap-water RBC and MCL. Acetone (27 pg/L) and 

xylene (total) (2 pg/L) were detected in deep groundwater samples from GDI03D during the first- 

and second-rounds, respectively. Both concentrations were far below the respective tap-water 

RBCsfMCLs. No other VOCs were detected in samples from GDI003/GDI03D. 

Semivolatile Organic Compounds in Groundwater 

Three SVOCs were detected in groundwater during the first and fourth sampling round. SVOCs 

were not included in the second and third-round analyses. Di-n-butlyphthalate was the only SVOC 

detected in the first-round samples. Its concentration of 4.0 ,ug/L was far below its tap-water 
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IIBC. Benzoic acid was detected in fourth-round sample 012GW00204 at a concentration far 1 

below its tap-water RBC. Bis(2-ethylhexy1)phtbIate was detected irl fourth-round sample 2 

012GW00304 at a concentration of 20 pglL. This detection exceeded the tap-water RBC of 3 

Table 10.11.6 
SWMU 12 

Organic Analytical Results for Groundwater GglL) 

Number of 
Samples 

Sample Detection Detection Tapwater Exceeding 
Parameter Round Frequency Rmge Mean ABCMCL RBC or MCL 

Volatile Or@c Compounds 

Chlorobenzene First 113 1 .O 1 .O 3.5INL 0 
Second 010 N A NA 0 
Third 010 N A N A 0 
Fourth 013 ND ND 0 

Bis(2-Ethy1hexyl)phthalate First 013 ND ND 4.8/NL 0 
Second 010 N A N A 0 
Third 010 N A N A 0 
Fourth 113 20.0 20.0 1 

1234678-HpCDD First 212 2.03E-06 - 1.49E-05 8.44E-06 4.5E-05INL 0 
Second 010 N A N A 0 
Third 010 NA NA 0 
Fourth 013 ND ND 0 
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Table 10.11.6 
SWMU 12 

Organic Analytical Results for Groundwater QtgIL) 

Number of 
Samples 

Sample Detection Detection Tapwater Exceeding 

123478-HxCDF First 112 7.69E46 7.69Ei-06 4.5E-061NL 1 
Second 010 N A N A 0 
Third 010 N A N A 0 
Fourth 013 ND ND 0 

123678-HxCDF First 112 7.08E-06 7.08846 4.5E-06tNL 1 
Second 010 N A N A 0 
Third 010 N A N A 0 
Fourth 013 ND ND 0 

12378-PeCDF First 1 12 2.67E-06 2.67E46 8.9E-06fNL 0 
Second 010 N A N A 0 
Third 010 N A N A 0 
Fourth 013 ND ND 0 

234678-HxCDF First it2 2.84E-M 2.ME-06 4 . 5 W N L  0 
Secwd OH3 N A N A 0 
Third 010 N A N A 0 
Fmrth 013 ND ND 0 

OCDD First 212 4.93E-M - 1.06E-04 5.5E-05 4.5E-04tNL 0 
Second 010 NA N A 0 
Third 010 N A N A 0 
Fourth 113 4.38E-M 4.38E-M 0 

QCDF Fitst 212 I .99806 - 3.6W 1.81E.04 4.5E.041Nt 0 
Second 010 N A N A 0 
Third WO N A N A 0 
Fourd, 013 ND ND 0 

Notes: 
NL = Not Listed 
NA = Not ApplicableINot AvailablelNot Analyzed 
ND = Not Detected/Not Determined 
pg/L = microgram per liter 
See Table 5.5 for organic compound screening concentrations and their sources. 



Zo
ne

 I
 

R
C

R
A

 F
ac

ili
ty

 I
nv

es
tig

m
'o

n 
R

ep
or

? 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
ci

fic
 E

va
lu

ut
i'o

m
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
11

.7
 

m
u

 
In

or
ga

ni
c 

A
na

ly
tic

al
 R

es
ul

ts
 fo

r 
G

ro
un

dw
at

er
 (I

rg
lL

) 

Sa
rn

de
 

D
et

ec
tio

n 
D

et
ec

tio
n 

Nu
mb
er
 o

f 
Sa

m
pl

es
 E

xc
ee

di
ng

 
T

am
w

at
er

 
Sh

al
lo

w
 

to
w

er
 o

f R
B

C
 o

r 
M
C
L
 a
nd
 

A
rs

en
ic

 (
A

s)
 

Fi
rs

t 
11

3 
Se
co
nd
 

1 1
3 

T
hi

rd
 

1 1
3 

Fo
ur

th
 

11
3 

B
at

fa
m

 p
a)

 
R

nt
 

31
3 

70
,O

 - 1
39

 
19

6 
26

01
20

00
 

11
0 

0 
Se
co
nd
 

3
b

 
4
.
8
 - I
08
 

64
.5

 
0 

T
hl

td
 

01
3 

N
D

 
N

D
 

0 
F

~u
tt

h 
3f

3 
53

,l
 - 1

19
 

79
.9

 
0 

B
er

yl
liu

m
 (B

e)
 

Fi
rs

t 
01

3 
k

o
n

d
 

01
3 

T
hi

rd
 

01
3 

Fo
ur

th
 

31
3 

R
n

t 
-,
 

I 
I?

 - 
17

5,
- 

- 6
55

,- 
34

0,
- 

N
L 

Se
co
nd
 

31
3 

17
3,

00
0 

- 7
48

,0
00

 
36

8.
00

0 
Th
ir
d 

31
3 

17
0,

00
0 

- 7
82

,0
00

 
37

8.
00

0 
Fo

ur
th

 
31

3 
16

7.
00

0 
- 6
83
,0
00
 

34
6.

00
0 



Zo
ne

 I 
R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

C
ha

rl
es

to
n 

N
av

al
 C

om
pl

ex
 

Se
ct

io
n 

10
 -
 S

ir
e-

Sp
ec

ifi
c E

va
lu

at
io

ns
 

T
ab

le
 1

0.
11

.7
 

S
W

M
U

 1
2 

in
or

ga
ni

c 
A

na
ly

tic
al

 R
es

ul
ts

 fo
r 

G
ro

un
dw

at
er

 (p
g/

L
) 

N
um

be
r 
of
 S

am
pl

es
 E

xr
ee

di
ng

 
Sa

m
pl

e 
D

et
ec

tio
n 

D
et

ec
ti

on
 

T
ap

w
at

er
 

S
ha

llo
w

 
L

ow
er

 o
f R
B
C
 o

r 
M

C
L

 a
nd

 
P

ar
am

et
er

 
R

ou
nd

 
F

re
qu

en
cy

 
R

an
ge

 
M

ea
n 

R
B

C
M

C
L

 
B

ac
kg

ro
un

d 
Ba
ck
gr
ou
nd
 

C
ob

al
t (

C
o)

 
Fi

rs
t 

2f
3 

0.
75

 -
 7

.2
 

3.
98

 
22

0/
N

L
 

2.
2 

0 
Se

co
nd

 
11

3 
4.

8 
4.

8 
0 

T
hi

rd
 

11
3 

5.
0 

5.
0 

0 
Fo

ur
th

 
11

3 
3.

7 
3.

7 
0 

L
ea

d 
(P
b)
 

Fi
rs

t 
31

3 
Se
co
nd
 

01
3 

Th
ir
d 

Of
 3

 
Fo

ur
th

 
Of

 3
 

Ma
ng
an
es
e 

(M
n)

 
Fi

rs
t 

31
3 

10
1 

- 4
,8

70
 

17
00

 
73

/2
61

 
54

30
 

Se
co
nd
 

3/
3 

66
.8
 - 4

,9
20

 
1.

70
1 

T
hi

rd
 

3/
3 

56
.5

 -
 2

,8
60

 
99

8 
Fo

ur
th

 
3/

3 
62

.6
 - 

2,
77

0 
1,

01
8 

Po
ta

ss
iu

m
 (K

) 
Fi

rs
t 

31
3 

15
1,

00
0 

- 2
85

.0
00

 
22

3,
00

0 
N

L
IN

L
 

N
L 

N
 A

 
Se

co
nd

 
3/

3 
86

,8
00

 - 
20

7,
00

0 
15

8,
30

0 
N

A
 

Th
ird

 
3/

3 
91

,7
00

 - 
16

3,
00

0 
13

7,
60

0 
N

A
 

Fo
ur

th
 

21
3 

18
2.

00
0 

- 
22

8,
00

0 
20

5,
00

0 
N

 A
 



Z
on

e 
I 

R
C

R
A

 F
ac

ili
ry

 I
nv

es
tig

at
io

n 
R

ep
or

t 
C

ha
rl

es
to

n 
Na
va
l 

C
om

pl
ex

 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
ci

fic
 E

va
ka

na
no

m
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
11

.7
 

S
W

M
U

 1
2 

In
or

ga
ni

c 
A

na
ly

tic
al

 R
es
ul
ts
 f

or
 G

ro
un

dw
at

er
 (p

gl
L

) 

Sa
m

ol
e 

D
et

ec
tio

n 
D

et
ec

tio
n 

N
um

be
r 

of
 S

am
pl

es
 E

xc
ee

di
ng

 
T

ap
w

at
er

 
Sh

al
lo

w
 

L
ow

er
 o

f 
R
B
C
 o

r 
M
C
L
 a
nd
 

P
ar

am
et

er
 

 o
dd

 
Fr
eq
ue
nc
y 

Ra
ng
e 

M
ea

n 
R

B
~

/M
cL

 
B

ac
kg

ro
un

d 
B

ac
kg

ro
un

d 

So
di

um
 (N

a)
 

Fi
rs

t 
31

3 
1.

55
0,

00
0 
- 

4.
61

0.
00

0 
3,

23
7.

00
0 

N
L

tN
L

 
N

L
 

Se
co

nd
 

31
3 

1,
90

0.
00

0 
- 4

,1
60

,0
00

 
3,

31
7,

00
0 

Th
ird

 
31

3 
2,

06
0.

00
0 

- 
4,

83
0,

00
0 

3,
86

0,
00

0 
Fo

ur
th

 
31

3 
1,

27
0.

00
0 

- 3
,8

00
.0

00
 

2,
71

0,
00

0 

T
in

 (
Sn
) 

Fi
rs

t 
31

3 
Se

co
nd

 
01

3 
Th

ird
 

01
3 

Fo
ur

th
 

11
3 

Fi
rs

t 
?!3 

!8
.0

 -
 4

7.
2 

35
.8

 
!
 !~

!N
L

 
24

.4
 

Se
co

nd
 

01
3 

N
D

 
N

D
 

T
hi

rd
 

01
3 

N
D

 
N

D
 

Fo
ur

th
 

11
3 

5.
6 

5.
6 

0
 

N
ot

es
: 

N
L

 
=

 
N

ot
 L

is
te

d 
N

A
 

=
 

N
ot

 A
pp

lic
ab

le
lN

ot
 A

va
ila

bl
eI

N
ot

 A
na

ly
ze

d 
N

D
 

=
 

N
ot

 D
et

ec
te

dI
N

ot
 D

et
er

m
in

ed
 

p
g

/L
 

=
 

m
ic

ro
gr

am
s 

pe
r 

lit
er

 
Se

e 
T

ab
le

 5
.6

 fo
r 

in
or

ga
ni

c 
sc

re
en

in
g 

co
nc

en
tr

at
io

ns
 a
nd
 th

ei
r 

so
ur

ce
s.

 



Zo
ne

 I
 R

CR
A 

F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
Se

ct
io

n 
10

 -
 S

ite
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

T
ab

le
 1

0.
11

.8
 

S
W

M
U

 1
2 

A
na

ly
te

s 
D

et
ec

te
d 

in
 S

ha
llo

w
 G

ro
un

dw
at

er
 &
/L
) 

Sh
al

lo
w

 
P

ar
am

et
er

 
L

oc
at

io
n 

1' 
Q

ua
rt

er
 

2.
6 

Q
ua

rt
er

 
3d

 Q
ua

rt
er

 
4a

 Q
ua

rt
er

 
T

ap
w

at
er

 R
B
C
*
 

M
C

L
IS

M
C

L
* 

B
ac

kg
ro

un
d 

bk
fz

-B
hy

lh
ex

yl
W

ha
la

tc
 SB

H
.E

F)
 

0
1
2
~
1
~
0
0
3
 

N
D
 

N
T
 

N
T 

20
 

4.
8 

N
 A

 
N 

A
 

Pe
sL

ld
de

s 
an

d 
PC

B
s 

E
nn

fin
 al

de
hy

de
 

01
 2

G
W

O
W

 
0.
03
 

NT
 

N
T

 
N
D
 

1 
I 

2 
N
 A

 

D
io

xi
n 

C
om

po
un

ds
 

2.
3.

7.
8-

T
C

D
D

 e
qu

iv
al

en
ts

 (
TE

Q
s)

 
01

2G
W

00
1 

4
5

0
 

N
T
 

N
T 

N
D

 
0.

45
 

30
 

N
 A
 

01
2G

W
00

2 
N
D
 

N
T
 

NT
 

0
.W

 

O
C
D
D
 

01
2G
WO
al
 

10
5.

86
8 

N
T
 

N
T

 
N
D
 

45
0 

N
 A

 
N

 A
 



Zo
ne

 I
 

R
C

R
A

 F
ac

ili
ry

 I
nv

es
tig

at
io

n 
R

ep
on

 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
cf

lc
 E

va
lu

an
ua

no
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1

0.
11

.8
 

SW
M

U
n 

A
na

ly
te

s 
D

et
ed

ed
 in

 S
ha

llo
w

 G
ro

un
dw

at
er

 (C
cg

/L
) 

Sh
al

lo
w

 
P

a
m

e
te

r
 

Lo
ca
ti
on
 

1"
 Q

ua
rt

er
 

2"
d

 Q
ua

rt
er

 
3
d
 Q

ua
rt

er
 

4'"
 Q

ua
rt

er
 

T
ap

-w
at

er
 R
B
C
*
 

M
C

W
SM

C
L

* 
Ba
ck
gr
ou
nd
 

f 2
36

78
-H

xC
D

F 
01

20
W

06
1 

7.
07
6 

N
T

 
N

T
 

N
a 

4
3

 
N

A
 

N
 A

 

In
or

gm
ia

 (m
g/

L
) 

A
lu

m
in

um
 (A

l)
 

01
2Q

W
OO

X 
N

D
 

31
.9

 
N

D
 

N
D
 

37
00
 

N
L
 

14
40
 

Ar
se
ni
c 

(A
s)

 
0
1
2
G
W
0
0
2
 

17
7 

22
0 

I8
8 

25
3 

0.
04

5 
50
 

23
 

Ba
riu

m
 (

B
a)

 
Ol
2G
WO
OI
 

70
 

40
.8

 
N
D
 

53
.1

 
26
0 

U
X

X
) 

11
0 

0
1
2
G
W
0
0
2
 

13
9 

10
8 

N
D
 

11
9 

01
2G

W
00

3 
10

8.
85

 
44

.7 
N
D
 

67
.6

 

B
er

yl
liu

m
 (B

e)
 

C
ad

m
iu

m
 (
Cd
) 

01
2G
W0
02
 

3.
1 

1.1
 

N
D
 

N
D
 

1.
8 

5 
N
A
 

Q
12

0W
O

a3
 

0.
3 

N
D
 

N
D
 

N
D
 



Za
ne

 I
 R
CR
A 

F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
C

ha
rl

es
to

n 
N

av
al

 C
om

pl
ex

 
Se

ct
io

n 
10

 -
 Si
te
-S
pe
ci
fi
c E

va
lw

u
an

or
u

 

T
ab

le
 1

0.
11

.8
 

S
W

M
U

l2
 

A
na

iy
te

s 
D

et
ec

te
d 

in
 S

ha
llo

w
 G

ro
un

dw
at

er
 h

g
n

) 

m
o

w
 

P
ar

am
et

er
 

L
oc

at
io

n 
1"

 Q
ua

rt
er

 
t*
 

Q
ua

rt
er

 
3d

 Q
ua

rt
er

 
4*

 Q
ua

rt
er

 
T

ap
w

at
er

 R
B
C
*
 

M
C

L
IS

M
C

L
* 

B
ac

kg
ro

lm
d 

Ch
ro
mi
um
 (

C
r)

 (t
ot

al
) 

01
2G

W
O

O
l 

1.
7 

N
D

 
N

D
 

N
D

 
18

 
10

0 
14

.3
 

L
ea

d 
(P
b)
 

N
ic

ke
l (

N
i)

 
O

lZ
G

W
O

O
Z 

12
4 

88
.1

 
1 6

7 
48

.7
 

73
 

13
.3

 

01
2G

W
00

3 
1.

5 
N

D
 

N
D

 
N

D
 

T
ha

lli
um

 (T
I) 

01
2G

W
00

3 
N

D
 

N
D

 
N

D
 

4.
3 

0.
26

 
2 

6.
6 



Zo
ne

 I
 

R
C

R
A

 F
ac
il
it
y 

Zn
ve

st
ig

m
~a

n R
ep

or
t 

Ch
ar

Ee
sr

on
 N

av
al

 C
om
pl
ex
 

Se
ct

io
n 

10
 -
 Sit

e-
Sp

ec
ifi

c E
va

lu
aC

Eu
aC

Eo
ns

 
R

ev
is

io
n:

 0
 

T
ab

le
 1
0.
11
.8
 

S
W

M
U

 1
2 

A
na

ly
te

s D
et

ec
te

d 
in

 S
ha

llo
w

 G
ro

un
dw

at
er

 (
p

g
/L

) 

Sh
al

lo
w

 
P

ar
am

et
er

 
L

oc
at

io
n 

1. 
Q

ua
rt

er
 

zd
 Q

ua
rt

er
 

3d
 Q

ua
rt

er
 

4*
 Q

ua
rt

er
 

T
ap

w
at

er
 R
B
C
*
 

M
C

L
/S

M
C

L
* 

Ba
ck
gr
ou
nd
 

V
an

ad
iu

m
 (

V
) 

O
l2

G
W

D
O

l 
4.

2 
3.

5 
N

D
 

N
D

 
26

 
N

L 
14

 

N
ot

es
: 

a
 

=
 

T
ap

-w
at

er
 R
BC
s 

(T
I-

IQ
=Q

.l)
 fr

om
 R
is
k-
Ba
se
d 

C
on

ce
nt

ra
tio

n 
T

ab
le

 (U
SE

P
A

, O
ct

ob
er

 2
2,

 1
99

7)
, a

nd
 M

C
L

s/
SM

C
L

s 
fr

om
 D

ri
nk

in
g 

W
m

er
 R

eg
ul

at
io

ns
 a

n
df

fe
al

th
 A

dv
is

or
ie

s 
(
U
S
E
P
A
,
 

1
9
x
4
 

B
ol

d 
co

nc
en

tr
at

io
ns

 ex
ce

ed
 b

ot
h 

th
e 
RB
C 

an
d 

th
e 

zo
ne

 b
ac

kg
ro

un
d 

A
ll 

ba
ck

gr
ou

nd
 v

al
ue

s 
fo

r 
Z

on
e 

I a
re

 b
as

ed
 o

n 
tw

ic
e 

th
e 

m
ea

ns
 o

f 
th

e 
gr

id
 s

am
pl

e 
co

nc
en

tr
at

io
ns

. B
ac

kg
ro

un
d 

va
lu

es
 f

or
 th

e 
gr

ou
nd

w
at

er
 a

re
 b
as
ed
 o

n 
tw

o 
sa

m
pl

in
g 

ro
un

ds
 in

 tw
o 

w
el

ls
 a

t e
ac

h 
de

pt
h.

 
N

A
 

=
 

N
ot

 a
pp

lic
ab

le
tn

ot
 a

va
ila

bl
e 

N
D

 
=

 
N

ot
 d

et
ec

te
d 

N
L 

=
 

N
ot

 l
is

te
d 

N
T 

=
 

N
ot

 ta
ke

n 
R
B
C
 

=
 

R
is

k-
ba

se
d 

co
nc

en
tr

ad
on

 
pg

/L
 

=
 

Pi
co

gr
am

s 
pe

r 
lit

er
 

--
#I

--
 

-
 

"'
gr

 
y

 
-
 

I
#

:
"

 ---
---

 -
"

-I
.:

# 
---

- 
lv

ll
&

iv
g

r
a

lr
a

 y
c

r 
u

v
g

r
a

r
r

r
 

pg
lL

 
=

 
M

ic
ro

gr
am

s 
pe

r 
lit

er
 



Zone I RCRA Faciliry Investigation Report 
Charleston Naval Complex 
Sectr'on 10 - Site-Specific Evaluations 
Revision: 0 

Acetophenone (1 pglL) was detected in first-rounds shallow groundwater samples from GDI003 1 

at a concentration above its tap-water RBC (0.0042 pg/L). No other SVOCs were detected in 2 

samples from GDI003. 3 

Benzoic acid (1 pg/L) and diethylphthalate (2 pg/L) were detected in deep groundwater samples 4 

from GDI03D. Both concentrations were far below their respective tap-water RBCs. No other 5 

SVOCs were detected at GDI03D. 6 

Pesticides and PCBs in Groundwater 7 

One pesticide, endrin aldehyde, was detected in the first-round sample from well 012003 at a a 

concentration of 0.03 pgIL, far below the RBC/MCL. No other pesticides or PCBs were detected 9 

in site groundwater. 10 

No pesticides or PCBs were detected in shallow or deep groundwater samples from grid-based 1 1  

wells GDI003/GDI03D. 12 

Other Organic Compounds in Groundwater 

Dioxins and furans were detected in one duplicate sample from well 012003 and one primary 

sample collected at well 012001. In accordance with recent dioxin guidance (USEPA Interim 

Supplemental Guidance to RAGS: Region IV Bulletins Human Health Risk Assessment, Bulletin 

No. 2 [USEPA 1995a]), and Section 7 of this report, TEQs of 3.7E-7 pg/L and 4.5E-6 pg/L were 

calculated for samples 012GW00301 and 012GW00101, respectively. Dioxins were also included 

in the analyses during the fourth-round. The TEQ for the fourth-round sample from well 012002 

was 4.38E-9 ,uglL. None of the TEQs for dioxin analyses exceeded the 4.75E-7 pg/L RBC. 

Dioxins were also detected in the groundwater samples collected from GD1003 and GDI03D. 21 

Dioxins were detected in all four rounds of sampling for the shallow well (GDI003). Calculated 22 



Zone I RCRA Ezcility Investigation Report 
Charleston Naval Compltx 

Section 10 .- Site-Specijic Evaluations 
Revision: 0 

TEQs ranged from 8.9E-9 pglL to 3.41E-6 pg/L. TEQs calculated for GD100303 (1.76E-6 ,ug/L) 1 

and GDI00304 (3.41E-6 pglL) are above the RBC . 2 

Dioxins were detected in the first-round deep well sample. The TEQ calculated for this sample 3 

was 7.27E-7 pglL, which is below the MCL. 4 

Inorganics in Groundwater 

Twenty metals were detected in SWMU 12 groundwater over the four sarnlpling rounds; however 

only four - arsenic, cadmium, nickel, and thallium - exceeded their respective screening criteria. 

Arsenic exceeded its tap-water RBC, MCL, and shallow background concentration in all four 

sampling events, with concentrations ranging from 177 to 253 pglL. All1 of these exceedances 

were in samples from well 012002; the maximum concentration was detected in the fourth-round 

sample. Arsenic was not detected in any other SWMU 12 well. Cadmium was detected in the 

first- and second-round samples, but exceeded screening concentrations only in the first-round 

sample at well 012003. Nickel was detected in all four sampling rounds at well 012002, with 

concentrations ranging from 48.7 to 167 pg1L. The screening criteria foir nickel were exceeded 

in the first three sampling rounds. Thallium exceeded its screening criteria in the fourth-round 

sample from well 012003 (4.3 pglL). Thallium was not detected in the first three rounds. 

Nineteen metals were detected in shallow groundwater samples from GDI003, e.g., with only two 

exceedances. Antimony (3.1 pg1L) exceeded its tap-water RBC in the third-round sample. 

Thallium (2.8 pglL) exceeded its tap-water RBC and shallow groundwater background 

concentration also in the third-round sample. There were no other exceedances. 

Seventeen metals were detected in deep groundwater samples from GDI031). Only one, antimony 

exceeded its tap-water RBC (6.1 pg1L in the third-round sample). There was no exceedance of 

MCL or background. 
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Revision: 0 

10,ll.S Fate and Transport Assessment 

SWMU 12 is the former firefighter training area in the southwestern portion of the southern 

peninsula. At this SWMU, flammable liquids were pumped into a shallow 30-foot to 50-foot 

diameter pit, ignited, and then extinguished with water. Training occurred between 1966 and 

1971; the frequency of training and types of flammable liquids used are not documented. A gravel 

road and a clearing at the SWMU, currently used infrequently as a construction laydown yard, are 

reportedly near the former training area's location. 

Materials of concern include petroleum hydrocarbons, coal ash, SVOCs, and metals. 

Environmental media sampled in this investigation include surface soil, subsurface soil, and 

shallow groundwater. Potential constituent migration pathways investigated for SWMU 12 include 

soil-to-groundwater, groundwater to human receptors and to surface water, and emission of 

volatiles from surface soil-to-air. 

10. I1 S .1  Soil-to-groundwater Cross-media Transport 

Tables 10.1 1.9 and 10.1 1.10 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in surface and subsurface soil samples to risk-based soil screening 

levels considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. The generic SSLs are used to provide a conservative screen; 

leachate entering the aquifer is assumed to be diluted by a ratio of 10:1, with no attenuation of 

constituents in soil O A F =  10). Soil background values for inorganics in Zone I were determined, 

but at the direction of SCDHEC, were not considered during initial comparisons of maximum soil 

concentrations with SSLs. 
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Only one organic constituent - beta-BHC - was detected in surface soil at a concentration 

exceeding the groundwater protection SSL. Due to the high water table at this SWMU, subsurface 

soils were not sampled. Beta-BHC was detected in only one of 12 soil samples (at a concentration 

only slightly above the SSL) and, importantly, was nondetect in site groundwater. Figure 10.11.2 

presents beta-BHC concentrations detected at SWMU 12. The data indicate that there is very little 

residual mass of this constituent in soil, and that it poses little risk to groundwater. 

Only one inorganic - chromium - was detected in surface soil at concentrations exceeding its SSL. 

It was widely detected in soil and was consistently above the SSL. Figure 10.1 1.3 presents 

chromium concentrations detected at SWMU 12. Chromium in soiI is a zone-wide occurrence, 

however, and all concentrations at SWMU 12 were below the zone-specific background. 

Chromium was also present in site groundwater, indicating a contribution from either site soil or 

aquifer matrix, but the highest concentration was far below any screening level. In summary, the 

soil-to-groundwater pathway for chromium is valid, but it is not expected to be significant. 

10.11 S.2 Groundwater Migration and Surface Water Cross-Media Transport 

Tables 10.11.9 and 10.11.10 compare maximum detected organic and inorganic constituent 

concentrations, respectively, in shallow groundwater samples to risk-based concentrations for 

drinking water, and to chronic ambient saltwater quality criteria values for the protection of 

aquatic life (saltwater surface water chronic screening values). For inorganics, maximum 

concentrations in groundwater are screened against the saltwater surface water chronic values as 

well as the greater of (a) risk-based drinking water concentrations and (b) corresponding 

background reference concentrations for groundwater. To provide a conservative screening, no 

attenuation or dilution of constituents in groundwater is assumed before comparison to the relevant 

standards. The risk-based pathway for shallow groundwater is currently invalid simply because 

there is no human consumption of the groundwater, i.e. there is no end-use receptor. This 

comparison is made for screening only, and to develop strategies for long-term management of 

the groundwater should deleterious levels be identified. 
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Section 10 -- Site-Specific Evaluafions 

Organic Compounds 

One SVOC - bis(2-ethylhexy1)phthalate (BEHP) - was present in groundwater at a concentration 

above its RBC. Figure 10.1 1.4 presents BEHP concentrations detected at SWMU 12. It was 

present only in one of three groundwater sampIes, and only in the fourtlh-quarter of sampling. 

BEHP was present in two of 14 soil samples, but its maximum concentration was far below the 

SSL. Given its sporadic occurrence in groundwater, its presence may be from a source other than 

soil. Its persistence in site groundwater will be validated with additional quarterly groundwater 

sampling, but the limited detection and relatively low concentration of BElHP suggest that is not 

significant to the risk-based pathway. 

Dioxins 

Five dioxin species - TEQs, 123478-HxCDF, 123678HxCDF, 123789HxCDF, and 

1234678HxCDF - were present in groundwater at concentrations exceeding their respective RBCs. 

Figures 10.1 1.5 through 10.1 1 .9 present concentrations for each chemical detected. All were 

either well below their SSLs or were nondetect in site soil. Additionally, the TEQ calculated for 

the last quarter of sampling was below the RBC. Dioxins are typically assc~ciated with herbicides; 

thus their presence is inconsistent with past site activities. Their low conct:ntration in surface soil 

suggests a source linked with herbicide application upgradient of SWMU 12. TEQ below tbe RBC 

in the most recent samples indicates that it is not significant to the pathway. 

Inorganic Compounds 

Two inorganic constituents - arsenic and thallium - were present in groundwater at levels that 

exceeded the applicable drinking water risk-based migration pathway criteria. Arsenic was 

detected consistently in well 012002 in four quarters of sampling; concentrations varied somewhat 

but have been within the same order of magnitude, all significantly above the RBC. Arsenic is 

also present at low levels in site soil. Figure 10.11.10 presents arsenic concentrations detected 

at SWMU 12. Arsenic is not expected to be associated with fire-traiining activities, and its 
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presence is probably associated with non-native fill material or natural soil lithology (its zone- 1 

specific soil background value is greater than the SSL). 2 

Thallium was detected in only one well, and only in the last quarter of sampling. Figure 10.11.11 3 

presents thallium concentrations detected at SWMU 12. Thallium has been detected consistently 4 

in Zone I groundwater above the RBC, indicating a non-point source (such as natural occurrence). 5 

At SWMU 12, thallium was nondetect in surface soil, indicating that its presence in site 6 

groundwater is not associated with fire-training activities, but from another source (potentially an 7 

aquifer matrix composed of either natural lithology or non-native fill). 8 

In summary, the pathway for inorganics is chemically valid, but their significance to the site is 9 

questionable due to infrequent detections and questionable sources. Their persistence in 10 

I 

groundwater and the spatial trends of occurrence should be validated to refine this analysis and 1 1  

determine significance. 12 

Other Constituents 13 

Three constituents - di-N -butylphthalate, arsenic, and nickel - were present in groundwater above 14 

their respective surface water screening criteria. Di-N-butylphthalate was present only in one well ts 

and only in the first quarter. It has been below detection limits since, thus invalidating the 16 

pathway for this constituent. Figure 10.1 1.12 presents di-n-butylphthalate concentrations detected. 17 

Both arsenic and nickel were significantly above the screening criteria and zone-specific is 

background, confirming their validity to the pathway. Each was detected in each quarter of 19 

sampling in one well at a relativeIy consistent concentration. 20 

Neither arsenic (Figure 10.11.10) or nickel (Figure 10.11.13) is expected to be associated with 21 

fire-training operations. 22 
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The detections of arsenic and nickel in only one well imply that there i:i not a large volume of 

impacted groundwater. Groundwater flow is towards Shipyard Creek and the flowpath length is 

approximately 600 feet. The significance of these detections to the pathway should be analyzed 

qualitatively in terms of the dispersive capabilities of the aquifer, the dilutional capacity of the 

system upon discharge, the likelihood of sources, and persistence of influx downgradient of 

SWMU 12. In summary, the pathway is valid, but natural mechanisms (such as dilution and 

dispersion) may attenuate concentrations to insignificant levels at the point of discharge. 

10.11.5.3 Soil-to-Air Cross-Media Transport 

Three VOCs - acetone, chlorobenzene, and toluene - were detected in surface soil. All 

concentrations were far below their soil-to-air SSLs, so the pathway is not expected to be 

significant at this site. 

10.11 S.4 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

One organic - beta-BHC - was present in soil above its SSL. 

This compound was present in only one of 12 samples and was not detected in site 

groundwater. 

The data indicate that there is little mass of this species in soil, and that it is not significant 

with respect to the soil-to-groundwater pathway. 

One inorganic - chromium - was present at concentrations exceeding its SSL. 

Chromium was widely detected in soil, but in all cases was below the zone-specific 

background. 

Its concentrations in groundwater did not exceed screening levels. Therefore, the soil-to- 

groundwater pathway for chromium is valid, but is not expected to be significant. 
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Groundwater Migration and Surface Water Pathway 

One SVOC and five dioxin species were detected in groundwater at concentrations above their 

respective RBCs. 

BEHP was detected above its RBC, but was present in onIy two of 14 soil samples and was 

far below its SSL in those samples. This indicates a source other than the site (or an onsite 

source not determined). It was present in only one of three groundwater samples and only 

during the fourth-quarter of sampling. Its sporadic occurrence and low concentration suggest 

that it is not significant with respect to the ingestion pathway, but its persistence in 

groundwater should be validated with further sampling. 

Of the five dioxin species detected, only OCDD was present in the most recent samples, and 

their detected concentration was below the RBC. AH of the calculated TEQs were either 

below the SSL or nondetect in site soil. Their absence in site soil suggests a source 

groundwater other than the site (or an undetermined onsite source). The absence of all but 

OCDD in the most recent sampling event invalidates the pathway for four of the dioxin 

species. The pathway for TEQs, while valid, is not expected to be significant. 

Two inorganic constituents - arsenic and thallium - were present at levels that exceeded their 

respective RBCs. 

Arsenic was consistently detected in one well at concentrations well above the RBC. It is also 

present at relatively low concentrations in site soil. Arsenic is probably not associated with 

past site activities, but rather with non-native fill or a natural soillaquifer matrix. 

Thallium was detected in only one well and only during the last quarter of sampling. 

Thallium is a common component in zone groundwater above the RBC, suggesting a 

non-point source. It was nondetect in site soil, clearly suggesting a source other than site 

activities. It is more likely to be associated with non-native fill or natural aquifer matrix. 



Zone I RCRA Facility Investigarion Report 
Charleston Naval Complex 

Section 10 - Site-Specific EvaIwrions 
Revision: 0 

The pathway for both inorganics is chemically valid. However, the limited spatial 

distribution of both, and the inconsistent detection of thallium, suggr:st that these are not be 

of great significance with respect to the ingestion pathway. 

Three constihlents - di-n-butylphthalate, arsenic, and nickel - were present in groundwater above 

their surface water screening values. 

Di-n-butylphthalate was detected in only one well during the first quarter. It has been 

nondetect since, invalidating the pathway. 

r Both arsenic and nickel significantly exceeded their surface water screening values and 

background. Each was detected in one well each quarter at a consistent concentration. 

Chemically, the surface water pathway is valid for these inorganics. 

Hydrologically, the pathway is also valid: groundwater flow is towards Shipyard Creek and 

the flowpath length is approximately 600 feet, Natural mechanismls such as dilution and 

dispersion may reduce concentrations to insignificant levels at the point of discharge. This 

should be validated with empirical data collected from Shipyard Crelek. 

Soil-to-Air Pathway 

Three organics were detected in surface soil, but none exceeded the soil-to-air SSL. Thus, this 

pathway is not expected to be significant at SWMU 12. 

10.11.6 Human Health Risk Assessment 18 

10.11.6.1 Site Background and Investigative Approach 19 

The purpose of the investigation at SWMU 12 was the assessment of soil and groundwater 20 

potentially affected by past site activities. SWMU 12 is the former old firefighter training area, 21 

a shallow pit into which flammable liquids were pumped, ignited. and then extinguished. A gravel 22 

road and clearing, currently used as a construction laydown yard, are reportedly near the former 23 

training area location. The principle materials of concern at SWh4U 12 are petroleum 24 
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hydrocarbons, coal ash, boiler clink, and other potential contaminants related to past training 

exercises and undocumented disposal practices. 

Soil was sampled in two rounds at SWMU 12 at the locations shown on Figure 10.1 I .  I .  During 

the first-round of sampling, 12 upper-interval samples were collected and analyzed for the standard 

suite (VOCs, SVOCs, metals, cyanide, pesticides, and PCBs) and organotins at DQO Level In. 
One proposed sample location was inaccessible because of construction materials in the laydown 

yard. No lower-interval samples were collected because the water table was at less than 5 feet 

bgs. Two samples were collected as duplicates and submitted for Appendix IX analysis, which 

includes the standard suite plus herbicides, hexchrome, OP pesticides, and dioxins. 

Second-round sampling was performed following comparison of first-round analytical results to 

the USEPA Region I1 Risk-Based Concentration Table, April 1 998. Three additional samples 

were collected and analyzed for SVOCs at DQO Level 111. 

To characterize groundwater quality, at SWMU 12, three SWMU 12 shallow monitoring wells 

were installed sampled in accordance with the approved final RFI work plan. Figure 10.11.1 

shows the SWMU 12 monitoring well locations. SWMU 12 wells were sampled in the first-round 

for VOCs, SVOCs, metals, cyanide, pesticides, PCBs, organotins, hex-chrome, OP pesticides, 

dioxins, chlorides, TDS, and sulfates at DQO Level 111. Second and third-round sampies were 

analyzed from all wells for cyanide, metals, chloride, sulfate, and TDS. Samples from one well 

were also analyzed for chloride, sulfate, and TDS. Fourth-round samples from all wells were 

analyzed for the standard suite plus chlorides, TDS, sulfates, and dioxins. 
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10.11.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.1 1.1 1 , the focus of this HHRA is on the following COPCs: ben;!o(a)pyrene equivalents 

and chromium. Aluminum, arsenic, and manganese were detected at maximum concentrations 

exceeding their RBCs but not exceeding their respective background conc:entrations. Therefore, 

these inorganics were eliminated from further consideration in the HHRA. Wilcoxon rank sum 

test analyses did not result in the inclusion of any inorganic parameters which were screened out 

on the basis of background concentrations. 

Groundwater 

As shown in Table 10.1 1.12, the following chemicals were identified as COPCs in shallow 

groundwater at SWMU 12: bis(2-ethylhexyl)phthalate, dioxins (2,3,7,8-TCDD equivalents), 

arsenic, cadmium, nickel, and thallium. Manganese was detected at a maximum concentration 

exceeding its RBC, but not exceeding its background concentration. Therefore, manganese was 

eliminated from further consideration. Wilcoxon rank sum test  analyst:^ did not result in the 

inclusion of any inorganic parameters which were screened out on the basis of background 

concentrations. 

10.11.6.3 Exposure Assessment 

Exposure Setting 

SWMU 12 is the old firefighter training area. The SWMU is a shallow pit into which flammable 

liquids were pumped, ignited, and then extinguished. The future use of this SWMU is unknown. 

Current base reuse plans indicate that the area is slated for use as an open buffer. Since municipal 

water is readily available basewide, it is highly unlikely that the aquifer vrill be used as a source 
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of potable or process water. Groundwater exposure pathways would not be completed if the 

municipal water supply is kept in place. As a highly conservative estimate of potential risklhazard 

due to groundwater pathways, a residential scenario and an industrial scenario were considered 

for SWMU 12. 

Potentially Exposed. Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 

addressed quantitatively in this risk assessment. The future site resident scenario was built on the 

premise that existing features would be removed and replaced with dwellings. The resident child 

scenario was considered to be conservatively representative of the adolescent trespasser. 

The future site worker scenario assumed continuous exposure to surface soils and the use of 

shallow groundwater as a potable water source. Exposure for current site workers would be less 

than this because of their limited soil contact and the fact that groundwater is not currently used 

onsite. Therefore, the future worker scenario is considered to be conservatively representative 

of current site worker exposure. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 

soils, and ingestion of shallow groundwater through potable use. The exposure pathways for 

future site residents are the same. In addition, the future site worker scenario assumed continuous 

exposure to surface soil and groundwater conditions. Uniform exposure was assumed for all 

sarnpie locations, Table 10.1 1.13 presents the justification for assessing particular exposure 

pathways in this HHRA. 
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Table 10.11.13 
SWMU 12 

Exposure Pathways Summary 

Potentially Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason ror Selection or  ExcIusion 

Current Land Uses 

Current Users (Site Air. Inhalation of gaseous NO Fate and trampon screening did w t  identify 
Workers) contaminants emanating from any COPCs 61r this indirect exposure 

soil pathway. 

Air, Inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant compared to the other pathways. 

Shallow groundwater. ingestion No Shallow groundwater is not currently used as 
of contaminam during potable a source of pr~table or  nan-residential warer at 
or general use SWMU 12. 

Shaliow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Soil, Incidental ingestion 

No Shallow groundwater is not currently used as 
a source of potable or non-residential water at 
SWMU 12. 

No (Qualified) Future site use is considered conservatively 
representativc of current receptors. 

Soil, Dermal contact No (Qualified) Future site use is considered conservatively 
representativc: of current receptors. 

Future Land Uses 

Future Site Residents Air, Inhalation of gaseous No Fate and transpon. screening did not identify 
(Child and Adult). Future contaminants emanat~ng from any COPCs for this indirect exposure pathway. 
Site Workers soil 

Air, Inhalation of chem~cals 
entrained in fugitive dust 

No This exposure pathway was considered 
insignificant ~:omparcd to the other pathways. 

Shallow groundwater, ingestion Yes Shallow groundwater is not likely to be used as 
of contaminants during potable a source of ptable or non-residential water at 
or general use S WM U 12. 'This pathway was addressed as a 

conservative measure. 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during domestic 
use 

Soil, Incidental ingestion 

Soil. Dermal concact 

Wild game or domestic 
animals. Ingestion of tissue 
impacted by media 
contamination 

Fate and trarlspon screening did not identify 
any COPCs for this indirect exposure pathway. 

Yes COPCs wert: identified subsequent to risk- 
based and bac.kground screening c o m p a r i s o ~ .  

Yes COPCs were identified subsequent to risk- 
based and bar kground screening comparisons. 

No Huntingltakir~g of game andlor raising 
livestock is prohibited within the Charleston, 
South Caroliila city limits. 

Fruits and vegetables. Ingestion No The potential for significant exposure via his 
of plant t~ssues grown in media pathway is low relative to that of other 
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Exposure Point Concentrations 

Soil 

As discussed in Section 7 of this RFI, UCLs were calculated for datasets consisting of least 

10 samples. For benzo(a)pyrene equivalents, a hot-spot approach to account for the limited extent 

of identified impacts involved applying the maximum concentration of the COPC as the EPC. 

BEQs were detected in four of 15 surface soil samples (012SB002, 012SB006, 012SB007, and 

012SB014), with a maximum concentration of 0,147 mgtkg. The other three, surface soil samples 

contained less than 0.02 mglkg BEQs. A fraction ingested1 fraction contacted factor (FIIFC) was 

derived to account for the limited areal extent of BEQs in surface soil. This factor was 

conservatively estimated to be 0.3, based upon frequency of detection and the approximate size 

of the impacted area. This FI/FC factor indicates that the concentration reported at 012SB014 

represents soil quality over 30 percent of the potential exposure area. This factor was used to 

adjust the EPC for BEQs, 

Chromium was detected all of 12 surface soil samples. Because the UCL did not exceed the 

maximum reported concentration, the UCL was applied as the EPC to estimate soil-related 

exposures. The benzo(a)pyrene equivalents and chromium EPCs for surface soil are presented in 

Table 10.11.14. 

Groundwater 

Table 10.11.15 summarizes the determination of the groundwater EPC. Three shallow monitoring 

wells were installed at SWMU 12 and sampled once a quarter for four quarters, Current EPA 

guidance favors using the arithmetic mean in the most concentrated area of the plume as the EPC 

for groundwater COPCs. Groundwater COPCs cannot be associated with a single distinct plume; 

instead, each of the COPCs was assigned to its own "plume". A separate plume is defined by the 

monitoring well which produced the highest concentration for a given COPC. The EPC is 

calculated as the arithmetic mean of the four quarters of data from the same well. 
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For example, the maximum arsenic detection (0.253 mg/L) was from monitoring well 012002 

sampled in the fourth-quarter. The first-quarter sample from this monitoring well had an arsenic 

at a concentration of 0.177 mg/L; the second-quarter sample, of 0.22 mg/lL; and the third-quarter 

sample, 0.188 mg/L. The data from the four quarters yield an average of 0.2095 mglL, which 

was used as the EPC for arsenic. The same approach was used for cadmium, nickel, thallium, 

bis(2-ethylhexy1)phthalate. 

The maximum detected concentration of dioxin (TCDD equivalents) was used as its EPC since it 

was sampled only twice for monitoring well 012001, and since one-half of its SQL exceeded its 

maximum detected concentration. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.11.16 and 10.11.17, 

respectively. 

Groundwater 

CDI for each shallow groundwater COPC are presented in Table 10.11.1.8. 

10.11.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this :report. Table 10.1 1.19 

presents toxicological information specific to each COPC identified. This information was used 

in the quantification of riskhazard associated with soil and groundwatc:r contaminants. Brief 

toxicological profiles for each COPC are provided in the following paragraphs. 
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Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaasen, et a]., 1986). USEPA set 0.3 pglkg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pg/kgday in a human exposure study. The effects of the arsenic on 

the nervous and cardiovascular systems are primarily associated with acute exposure to higher 

levels. Exposure to arsenic-containing materials has been shown to cause cancer in humans. 

Inhalation of these materials can lead to increased lung cancer risk, and ingestion of these 

materials is associated with increased skin cancer rates. 

Arsenic has been classified as a group A carcinogen by USEPA, which established the 

1.5 (mglkg-day)" SF. As listed in IRIS, the basis for the classification is sufficient evidence from 

human data. An increased lung cancer mortality was observed in multiple human populations 

exposed primarily through inhalation. Also, increased mortality from multiple internal organ 

cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were observed 

in populations consuming drinking water high in inorganic arsenic. Human milk contains about 

3 pg/L arsenic. The tap-water RBC for arsenic is 0.045 ~ g l L .  As listed in IRIS, the critical 

effects of this chemical are hyperpigmentation, keratosis, and possible vascular complications. 

The uncertainty factor was determined to be 3 and the modifying factor was determined to be I .  

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(k) fluoranthene 

Chrysene 

Dibenz(a, h)anthracene 

Indeno(l,2,3-cd)pyrene 

TEF 0.1 

TEF 1.0 

TEF 0.1 

TEF 0.01 

TEF 0.001 

TEF 1.0 

TEF 0.1 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the listed 

PAHs have not been well established and there are no RfDs for these PAHs due to a lack of data. 

All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity is 

addressed relative to that of benzo(a)pyrene, which has an oral SF of 7.3 (mglkgday)''. TEFs, 

also set by USEPA, are multipliers applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been so cIassified due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAWS are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., coal tar, 

soot, or cigarette smoke). As listed in IRIS, human data that specifically link benzo(a)pyrene to 

a carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity as:says. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrerle was verified. This 

section provides information on the aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA ciassification and quantitative estimates of exposure. The classification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extralpolation procedure and 

presented as the risk per mg/kg-day. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per pg/m3 air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks lof 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity. 
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As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 

bis(2-Ethylhexyl)phthalate, known as BEHP, is a plasticizer used in virtually every major product 

category. Phthalate esters are ubiquitously distributed in the environment. Although the toxicity 

of this compound is relatively low, it is a carcinogen. Effects on the reproductive system are also 

possible (indicated in animal studies) due to chronic exposure to BEHP. This compound is 

classitied as a B2 carcinogen, and USEPA has set the oral RfD and oral SF to 0.02 mg/kg-day and 

0.0 14 (mg/kg-day)-' , respectively (Klaasen et a1 . , 1986). 

Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 

inhalation of cadmium-containing dust can irritate the lungs. Chronic exposure to cadmium, either 

via inhalation or ingestion, has been shown to cause kidney damage (including kidney stones), 

emphysema, and high blood pressure. Other tissues reportedly injured by cadmium exposure in 

animals and humans include the lungs, testes, liver, immune system, blood, and nervous system 

(Klaasen et al., 1986). An oral RfD of 0.001 (mglkg-day) has been determined by USEPA based 

on human studies (food) involving chronic exposure in which significant increased protein was 

LO. 11.88 
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found in the urine. A separate oral RfD for water has been determined by USEPA to be 

For inhalation exposure, cadmium has been classified by USEPA as a group B1, or probable, 

human carcinogen based on limited evidence from epidemiological studies in which an excess risk 

of lung cancer was observed in cadmium smelter workers. As listed in IRIS, the classification is 

based on limited evidence from occupational epidemiologic studies consistent across investigations 

and study populations. There is sufficient evidence of carcinogenicity in rats and mice by 

inhalation and intramuscular and subcutaneous injection. There is also sufficient evidence of 

increased risk of lung cancer in rats and mice exposed to cadmium via inhalation. Seven rat and 

mice studies where cadmium salts (acetate, sulfate, chloride) were administered orally have shown 

no evidence of carcinogenic response. As listed in IRIS, the critical effect of this chemical in 

water is significant proteinuria. The uncertainty factor was 10 and the modifying factor was 1. 

The critical effect of this chemical in food is based on human studies involving chronic exposures. 

The uncertainty factor was 10 and the modifying factor was 1. 

Chronlium exists in two stable, natural forms: CrIII and hexavalent CrJlI. Acute exposure to 

chromium can result in kidney damage following oral exposure, or damage to the nasal mucosa 

and septum following inhalation exposure. Chronic inhalation exposure r:o CrVI has resulted in 

kidney and respiratory tract damage, as well as excess lung cancer in both animals and humans 

following occupational exposure. Only CrVI is believed to be carcinogenic by inhalation (IRIS). 

Oral RfD values for CrIII and CrVI are 1.0 and 5E-03 mglkg-day, respe1:tively. For CrVI, the 

RfD is based on liver toxicity in rats. For CrVI, the RfD is based on uiupecified pathological 

changes observed in rat studies. In addition, CrVI is considered a group A carcinogen for 

inhalation exposures, and an inhaIation SF of 41 (mgtkg-day)-' has been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS, no critical effects were observed for CrIII. The uncertainty factor was 100 and the 
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modifying factor was 10. As listed in IRIS, no critical effects were observed for CrVI. The 

uncertainty factor was 500 and the modifying factor was 1. 

Nickel is an essential nutrient; a five microgram dose is typical of vitamins supplements. USEPA 

set the oral RfD to 0.02 mgtkg-day. Chronic exposure of rats to nickel caused decreased body and 

organ weights. For a chronically exposed individual, nickel salts would affect the gastro-intestinal 

system and also target the liver and kidney. This element has been shown to be a sensitizer, an 

element that can produce allergic reactions. Sensitization of skin to nickel dust has been shown 

to occur in industry (Dreisbach, et al., 1987). 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, uses now prohibited. This element remains in the body for 

a relatively long time and could accumulate if the chronic dose is large. USEPA's oral RfD for 

thallium is 8E-05 mg/kg-day (Klaasen, et al., 1986; Dreisbach, et al., 1987). The uncertainty 

factor used for thallium is 3,000. 

Dioxins are a group of chlorinated hydrocarbons that accumulate in fat tissue. Exposure to 

dioxins, known to be potent mutagens and teratogens, causes burning pain in the tongue, abdomen, 

and pharynx; chloracne; loss of body weight; degenerative changes to the liver and thymus; and 

psychiatric disturbances. Chloracne is the primary sign of human exposure (Klaasen, et al., 1986; 

Dreisbach, et al., 1987). USEPA has classified dioxins as group B2 carcinogens and determined 

the oral SF to be 150,000 (mg/kg-day)-' for 2,3,7,8-TCDD. Equivalent concentrations of other 

dioxin congeners were calculated based on their corresponding toxic equivalents, as recommended 

by USEPA. 
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10.11.6.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil was evaluated under both future residential and industrial (site worker) 

scenarios. For each scenario, the incidental ingestion and dermal contact exposure pathways were 

evaluated. For non-carcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposures. Tables 10.11.20 and 10.11.21 present 

the computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 

The site surface cover ranges from lightly vegetated (with bare ground visible) to wooded. A 

gravel driveway leads to the existing laydown yard. Although construction workers do have 

occasion to work onsite, the frequency of these activities is considerably tower than assumed in 

the future worker risWhazard characterization. Should the existing site features and uses remain 

under future use scenarios, the soil riskhazard projections presented below are significant 

overestimates. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for SWMU 12 

surface soils is 5E-07. The dermal pathway ILCR is 2E-07. Benzo(a)pyrelne equivalents were the 

sole contributor for each pathway. Surface soil incidental ingestion and dermal contact pathway 

hazard indices were less than 0.1 for both adult and child receptors. 

Future Site Workers 

Site worker ILCRs are 6E-08 and 9E-08 for the ingestion and dermal contact pathways, 

respectively. Benzo(a)pyrene equivalents were the sole contributor for each pathway. Surface soil 

incidental ingestion and dermal contact pathway hazard indices were 1.ess than 0.01 for site 

workers. 
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Groundwater Pathways 

Exposure to shallow groundwater was evaluated under both residential and industrial scenarios. 

The ingestion and inhalation exposure pathways were evaluated assuming the site groundwater will 

be used for potable and/or domestic purposes and that an unfiltered well, drawing from the 

corresponding water-bearing zone, will be installed. For noncarcinogenic contaminants evaluated 

relative to future site residents, hazard was computed separately for child and adult receptors. 

Table 10.11.22 presents the risk and hazard for the ingestion exposure pathways. Since no VOCs 

were identified as COPCs in groundwater at SWMU 12, the inhalation pathway was not addressed. 

Hypothetical Site Residents 

The sum ILCR for the shallow groundwater ingestion pathway is 5E-03. Arsenic, 

bis(2-ethylhexyl)phthalate, and 2,3,7,8-TCDD equivalents were the principle contributors. The 

hazard indices for the adult and child resident ingestion pathway are 20 and 48, respectively. 

Thallium and arsenic were primary contributors, and cadmium and nickel were minor 

contributors. 

Future Site Workers 

The sum ILCR for the shallow groundwater ingestion pathway is 1E-03. Arsenic, 

bis(2-ethylhexyl)phthalate, and 2,3,7,8-TCDD equivalents were the principle contributors. The 

hazard index for the site worker ingestion pathway is 7. Thallium and arsenic were primary 

contributors to the ingestion pathway hazard index. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for SWMU 12 or other areas 

of Zone I. In the absence of a completed exposure pathway, no threat to human health is posed 

by reported shallow groundwater contamination. 
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COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative hazard 

index above 1 .O, and whose individual ILCR exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

For carcinogens, this approach is relatively conservative, since a cumulative risk level of 1E-04 

(and individual ILCR of 1E-06) is recommended by USEfA Region IV as the trigger for 

establishing COCs, The specific COC selection method was used to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or non-carcinogenic 

hazard during the development of remedial goal options. Table 10.11.23 presents the COCs 

identified for SWMU 12 surface soil and groundwater. 

Surface Soils 

Hypothetical Site Residents (future land use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

Future Site Workers (current land use) 

No COCs were identified for this scenario based on the sum ILCR and hazard index. 

Groundwater 

Hypothetical Site Residents (future land use) 

Dioxins (2,3,7,8-TCDD equivalents), bis(2-ethylhexyl)phthalate, and arsenic were identified as 

shallow groundwater COCs based upon their contribution to sum ILCR. Arsenic, cadmium, 

nickel, and thallium were identified as COCs based upon contribution to pathway hazard indices. 
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Future Site Workers (current land use) 

Arsenic and 2,3,7,8-TCDD equivalents were identified as shallow groundwater COCs based upon 

their contribution to sum ILCR. Arsenic and thallium were identified as COCs based upon 

contribution to pathway hazard indices. 

Extent of COCs 

The extent of the COCs identified in shallow groundwater is discussed briefly below. Arsenic was 

detected at a concentration exceeding its tap-water RBC (0.045 pg/L) in four groundwater 

samples. Four samples exceeded the background value (23 pg/L) for arsenic, and also exceeded 

its MCL (50 pg/L). Cadmium was detected at a concentration exceeding its tap-water RBC 

(1.8 pg/L)  but beIow its MCL (5 pglL) in one first-quarter groundwater sample (012002). Nickel 

was detected at a concentration exceeding its tap-water RBC (73 pg/L) in three groundwater 

samples; four samples exceeded the background value (13 .3  pg/L) for nickel. Thallium was 

detected at a concentration exceeding its tap-water RBC (0.26 pg/L) and MCL (2 pg/L) in one 

fourth-quarter groundwater sample (012003). Bis(2-ethylhexy1)phthalate was detected at a 

concentration exceeding its tap-water RBC (4.8 pg/L) in one fourth-quarter groundwater sample 

(0 12003). 

Dioxins (2,3,7,8-TCDD equivalents) were reported in two shallow monitoring wells (0 12001 and 

0 12003), and only one sample (01200101) had a concentration (4.5E-6 pg/L) above the tap-water 

RBC. The maximum concentration is below the MCL (3E-5 pg/L). Due to the hydrophobic 

nature of dioxins, they are not expected to migrate from soil-to-groundwater. It is suspected that 

first-quarter results may reflect the influence of sediment entrained in the monitored zone during 

well installation. 
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10.1 1.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias in exposure assessment is introduced through exposure setting and 

pathway selection due to the highly conservative assumptions (i.e., future residential use) 

recommended by USEPA Region IV. The exposure assumptions made in the future site worker 

scenario are highly conservative and would tend to overestimate exposure.. Current site workers 

are not exposed to site groundwater and are infrequently exposed to surface soils, although direct 

contact is not inhibited by site features. 

Residential use of the site is not be expected or likely, based on current site uses and the nature 

of surrounding buildings. Current reuse plans call for continued non-residential use of Zone I, 

with SWMU 12 specifically dated to become open buffer space. If this area were to be used as 

a residential site, the regrading for development would likely change existing conditions. For 

example, surface soil would be covered with landscaping soil, a driveway, andfor a house. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA 

generally overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at SWMU 12 for potable or industrial purposes. A 

basewide system provides drinking and process water to buildings throughout Zone I. This system 

is slated to remain in operation under the current base reuse plan, and, shal1.0~ groundwater is not 

expected to be used under future site use scenarios. Therefore, the scr:nario associated with 

shallow groundwater exposure is highly conservative. 
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Determination of Exposure Point Concentrations 

The maximum concentration of benzo(a)pyrene equivalents was applied as the EPC and modified 

by the corresponding FIIFC factor the UCL was applied as the EPC to estimate soil-related 

exposures. 

For groundwater, the arithmetic mean of the detected concentrations or maximum concentrations 

was applied as the EPC for each COPC. USEPA Region IV guidance states that the average 

concentration of each COPC in the most concentrated area of the plume should be used as the 

EPC. Since a plume cannot be readily defined, this guidance applies only marginally. The spatial 

variability in groundwater data variability contributes greatly to uncertainty. The 95 % UCLs were 

calculated to provide point estimates to account for this uncertainty, thus providing an upper bound 

estimate for modeling exposure. For a given COPC, the placement of monitoring wells in 

uncontaminated areas of the aquifer could cause a Iow bias on the 95% UCL. As a result, the 

arithmetic mean of detected concentrations was compared to the 95 % UCL, and the greater of the 

two was selected as the EPC. To address uncertainty resulting from the selection of EPCs and to 

provide additional perspective, risklhazard maps may be referenced in the Risk Summary Section. 

Uncertainty was introduced into the risk assessment from dioxin SQLs that were relatively high 

as compared to detected concentrations. To address this uncertainty, the maximum dioxin 

concentration was used as its EPC. This could result in an overestimate or underestimate of risk 

associated with dioxin. 

Frequency of Detection and Spatial Distribution 

Surface Soil 

For benzo(a)pyrene equivalents, a hot-spot approach to account for the limited extent of identified 

impacts, involved applying the maximum concentration of the COPC as the EPC. The hot-spot 

approach considered the estimated impacted area relative to a standard one-half acre exposure 
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range. BEQs were detected in four of 15 surface soil samples (012SB002,012SB006,012SB007, 

and 012SB014), with a maximum concentration of 0.147 mg/kg. The other three surface soil 

samples contained less than 0.02 mg/kg BEQs. An HIFC of 0.3 was derived to account for the 

limited areal extent of BEQs in surface soil. This factor was conservatively estimated based upon 

frequency of detection and the approximate size of the impacted area (estfhnated as 6,000 square 

feet). 

Chromium was detected in all 12 surface soil samples. The maximwn chromium detection 

(39 mg/kg) at location 012SB009 was equal to the RBC. 

Groundwater 

Arsenic exceeded its tap-water RBC, MCL, and background concentration in four groundwater 

samples. Cadmium exceeded its tap-water RBC but was below its MCL, in one first-quarter 

groundwater sample. Nickel exceeded its tap-water RBC in three groundwater samples and 

exceeded the background concentration in four samples. Thallium exceeded its tap-water RBC 

and MCL in one fourth-quarter groundwater sample. Bis(2-ethylhexy1)pt~thalate was detected at 

a concentration exceeding its tap-water RBC in one fourth-quarter groundwater sample. 

2,3,7,8-TCDD equivalents were reported in two groundwater samples, and only one sample 

(012001) contained TEQs in excess of the tap-water RBC. 

Quantification of RisWHamrd 

Many site-specific factors affect the uncertainty of this assessment and cause upward bias in the 

risk and hazard estimates. Exposure pathway-specific sources of uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration close to the corresponding RBC (i.e., within approximately :10% of the RBC). This 
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minimizes the likelihood of potentially significant cumulative risldhazard with respect to the 

eliminated CPSSs. Aluminum, arsenic, and manganese exceeded their corresponding RBCs, but 

they were eliminated from formal assessment based on comparisons to corresponding background 

concentrations because they did not exceed the corresponding background concentrations. 

Although the future land use of SWMU 12 is unknown, both the future worker and residential 

exposure scenarios were assessed in this HHRA. As previously discussed, it is likely that these 

scenarios to overestimates risk and/or hazard. 

Groundwater 

Of the CPSSs screened and eliminated from formal assessment because they did not exceed the 

RBCs, none was reported at a concentration close to the RBC. This minimizes the likelihood of 

potentially significant cumulative riskhazard with respect to the eliminated CPSSs. Manganese 

exceeded its RBC but was eliminated from formal assessment because it did not exceed its 

background concentration. 

Groundwater is not currently used as a potable water source at SWMU 12 or in the surrounding 

area. Municipal water is readily available. It is highly unlikely that the site will be developed as 

a residential area or that a potable-use well would be installed onsite. If residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

likely preclude this aquifer from being an acceptable potable water source. 

Background-Related Risk 

Soil 

Aluminum, arsenic, and manganese were detected in surface soil at concentrations above their 

respective RBCs. These elements were eliminated from consideration in the risk assessment based 

on comparison to background values. It is not unusual for naturally occurring or background 
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concentrations of some elements to exceed risk-based concentrations. The following addresses the 

riskhazard associated with background concentrations of aluminum, arsenic, and manganese. 

The maximum surface soil concentration of aluminum (17,900 mg/kg) for rSWMU 12 equates with 

hazard quotients of 0.3 and 0.01 for the resident child and site worker, respectively. The 

background value for aluminum (27,400 mgfkg) results in hazard quotients of 0.4 and 0.02 for 

the resident child and site worker, respectively. The maximum surface soil concentration of 

arsenic (14.2 mglkg) equates with ILCRs of 4E-05 and 5E-06 for the residential and site worker 

scenarios, respectively. The maximum reported concentration of arsenic equates with hazard 

quotients of 0.7 and 0.03 for the resident child and site worker, respectively. The background 

value for arsenic (21.6 mglkg) equates with ILCRs of 5.6E-06 and 8E-06, and hazard quotients 

of 1 and 0.05 for the residential and site worker scenarios, respectively. The maximum surface 

soil concentration of manganese (286 mglkg) equates with hazard quotients of 0.08 and 0.01 for 

the residential child and site worker, respectively, The background value for manganese 

(419 mglkg) results in hazard quotients of 0.06 and 0.01 for the resident child and site worker, 

respectively. 

Groundwater 

Manganese was detected in groundwater samples at a concentration exc:eeding its RBC. This 

inorganic was eliminated from consideration in the risk assessment based on comparison to its 

background value. The following addresses the risWhazard associatecl with the background 

concentration of manganese. 

The maximum reported concentration of manganese (4,920 pg/L) yielded hazard quotients of 6 

and 4 for the residential and site worker scenarios, respectively. Hazard c~uotients resulting from 

the background value for manganese (5,430 ~rglL) were 7 and 5 for the resident child and site 

worker, respectively. 
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10.11.6.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 12 were assessed for the future site worker 

and future site resident under reasonable maximum exposure assumptions. This HHRA assessed 

the incidental ingestion and dermal contact pathways for surface soils. The ingestion pathway was 

evaluated for shallow groundwater, based on four quarters of groundwater monitoring data. 

Table 10.11.24 presents the risk summary for each pathway/receptor group evaluated. 

Soil - Residential Scenario 

No residential soil pathway COCs were identified for SWMU 12. Figure 10.11. I4 provides the 

risk map for SWMU 12 soil. As shown, only one sample location was associated with a risk 

above 1E-06 (012014). Table 10.11.25 provides the point risk and hazard estimates for 

SWMU 12 soil pathways. 

Soil - Industrial Scenario 

No industrial soil pathway COCs were identified for SWMU 12. 

Groundwater - Residential Scenario 

Arsenic, cadmium, nickel, thallium, bis(2-ethylhexyl)phthalate, and dioxin (TCDD equivalents) 

were identified as groundwater pathway COCs. As shown in Table 10.11.26 and 

Figure 10.11.15, arsenic was the primary contributor to risk projections for SWMU 12 

groundwater. Dioxin and bis(2-ethy1hexyl)phthalate were secondary contributors. Risk estimates 

ranged from 8E-07 (01200301) to 6E-03 (01200204). Arsenic was the primary contributor to 

hazard estimates, and cadmium, nickel, and thallium were secondary contributors. 

Figure 10.11.16 shows point hazard estimates for groundwater for the residential scenario. 

Hazard estimates ranged from 0.04 (01200301) to 54 (0 1200204). 
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Groundwater - Industrial Scenario 

Arsenic, thallium, and dioxin (TCDD equivalents) were identified as groundwater pathway COCs. 

As shown in Table 10.11.27 and Figure 10.11.17, arsenic was the primary contributor to risk 

projections. Risk estimates ranged from 4E-05 (01200301) to 3E-03 (01200204). Arsenic was 

the primary contributor to hazard estimates, and cadmium, nickel, and thallium were secondary 

contributors. Fiwre 10.11.18 shows point hazard estimates for groundwater for the industrial 

scenario. Hazard estimates range from 0.013 (01200301) to 17 (01200204). 

10.11.6.8 Remedial Goal Options 

Soil 

No RGOs were computed for the SWMU 12 surface soil, as no COCs were identified. 

Groundwater 

RGOs for carcinogens were based on the lifetime-weighted average future site resident and site 

worker as presented in Tables 10.11.28 and 10.1 1.29 respectively for shallow groundwater. 

Hazard-based RGOs for the residential scenario were calculated based on the hypothetical child 

receptor. 

10.11.7 Corrective Measures Considerations 

Based on the analytical results and human health risk assessment for SWMU 12, COCs requiring 

further evaluation through the CMS process have been identified for groundwater. The site is in 

a moderately developed urban setting and risk to human health was evaluated under both future 

residential and industrial (site worker) scenarios. For these scenarios, the incidental ingestion and 

dermal contact exposure pathways were evaluated. Hazard was evaluated for noncarcinogenic 

contaminants through incidental ingestion and dermal contact as well. 





Table 10.1 1.25 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 12 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Parameter Concentration Units Hazard Index Risk (E-06) 

012 BOO1 Chromium (Cr) 28.9 mglkg 0.079 NA 

012 BOO2 Benzo(a)pyrene equivalents 1 0 .  uglkg NA 0.17 
012 BOO2 Chromium (Cr) 33.5 mglkg 0.092 NA 

Total 0.092 0.1 7 

012 BOO3 Chromium (Cr) 33.6 mglkg 0.092 NA 

012 BOO4 Chromium (Cr) 29.6 mglkg 0.081 NA 

012 BOO5 Chromium (Cr) 25.6 mglkg 0.070 NA 

012 BOO6 Benzo(a)pyrene equivatents 0.084 uglkg NA NA 
012 8006 Chromium (Cr) 37.6 mglkg 0.103 NA 

Total 0.103 NA 

012 BOO7 Benzo(a)pyrene equivalents 6.065 uglkg NA 0.10 
012 8007 Chromium (Cr) 23.9 mglkg 0.066 NA 

0.066 0.10 

012 8008 Chromium (Cr) 27.5 mglkg 0.075 NA 

012 BOO9 Chromium (Cr) 39 mglkg 0.107 NA 

012 BOiO Chromium (Cr) 32.8 mglkg 0.090 NA 
012 BO1O Chromium (cr6) (Hexavalent) 0.415 mglkg 0.001 NA 

012 8011 Chromium (Cr) 31 mglkg 0.085 NA 

012 6012 Chromium (Cr) 27.8 mglkg 0.076 NA 

012 B013 No COPCs ND N A NA 

012 8014 Benzo(a)pyrene equivalents 146.73 uglkg NA 2.43 

012 8015 No COPCs ND NA NA 



Table 10.1 1.26 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU 12 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Round Parameter Concentration Units Hazard Index Risk (E-06) 

01 2 WOO1 01 Dioxin equivalents 4.4974 pg/L N A 10.03 

01 2 WOO1 02 No COPCs ND N A  NA 

Of2 WOO1 03 No COPCs ND NA NA 

012 WOO1 04 No COPCs ND NA NA 

012 WOO2 01 Arsenic (As) 
01 2 WOO2 01 Cadmium (Cd) 
01 2 WOO2 01 Nickel (Ni) 

Total 

012 WOO2 02 Arsenic (As) 220 ug/L 46.880 4908.02 
012 WOO2 02 Cadmium (Cd) 1.1 ug/L 0.141 N A 
012 WOO2 02 Nickel (Ni) 88.1 ug/L 0.282 NA 

Total 47.302 4908.024 

012 WOO2 03 Arsenic (As) 188 ug/L 40.061 41 94.1 J 

012 WOO2 03 Nickel (Ni) 
Total 

01 2 WOO2 04 Arsenic (As) 
01 2 WOO2 04 Dioxin equivalents 
01 2 WOO2 04 Nickel (Ni) 

Total 

01 2 WOO3 01 Cadmium (Cd) 
012 WOO3 01 Dioxin equivalents 
01 2 WOO3 01 Nickel (Ni) 

01 2 WOO3 02 No COPCs ND NA NA 

01 2 WOO3 03 No COPCs ND NA NA 

01 2 WOO3 04 bis(2-Ethylhexy1)phthalate (BEH 20 ug/L 0.064 4.16 
012 WOO3 04 Thallium (TI) 4.3 ug/L 3.436 N A 

Total 3.500 4.16 
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Table 10.1 1.27 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Site Worker Scenario 
SWMU 12 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Round Parameter Concentration Clnits Hazard Index Risk (E-06) 

01 2 WOO1 01 Dioxin equivalents 4.4974 ug/L NA 4.71 

01 2 WOO1 02 No COPCs ND NA NA 

01 2 WOO1 03 No COPCs 

01 2 WOO1 04 No COPCs 

012 WOO2 01 Arsenic (As) 
01 2 WOO2 01 Cadmium (Cd) 
012 WOO2 01 Nickel (Ni) 

Total 

01 2 WOO2 02 Arsenic (As) 
01 2 WOO2 02 Cadmium (Cd) 
01 2 WOO2 02 Nickel (Ni) 

Total 

01 2 WOO2 03 Arsenic (As) 
01 2 WOO2 03 Nickel (Ni) 

Total 

012 WOO2 04 Arsenic (As) 
01 2 WOO2 04 Dioxin equivalents 
01 2 WOO2 04 Nickel (Ni) 

Total 

01 2 WOO3 01 Cadmium (Cd) 
01 2 WOO3 01 Dioxin equivalents 
01 2 WOO3 01 Nickel (Ni) 

Total 
01 2 WOO3 02 No COPCs 

01 2 WOO3 03 No COPCs 

01 2 WOO3 04 bis(2-Ethy1hexyl)phthalate (BEHP) 20 ug/L 0.020 1.96 
012 WOO3 04 Thallium (TI) 4.3 11gIt 1.052 NA 

Total 1.071 1.96 
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As recommended by SCDHEC, a COC is considered to be any chemical contributing to a 

cumulative risk level of 1E-06 or greater andfor a cumulative hazard index above 1 .O, and whose 

individual risk exceeds 1E-06 or whose hazard quotient exceeds 0.1. 

No soil pathway COCs were identified for SWMW 12. Arsenic, bis(2-ethylhexyl)phthalate, 

cadmium, nickel, thallium, and TEQs were identified as groundwater COCs . Table 10.1 1.30 

presents cumulative and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for shallow groundwater are presented in Tables 10.11.28 and 

10.11.29. Potential corrective measures for soil are presented in Table 10.1 1.3 1. 
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Table 10.11.30 
SWMU 12 

Curnulalive and Chemical-Specilic Exposure Risks and Hazard 

Risk Hazard 

Chemical Industrial Residential Industrial Residential 

Groundwater 

Arsenic i .lE-3 4.78-3 6.8 45 

B~2-ethylhcxyl)phcfm1ate 6.1E-7 

Cadmium ND 

Nickel ND 

Thallium ND 

TEQs 2.4E-6 I .OE5 ND ND 

Cumulative I .  lE-3 4.7H-3 7.3 48 

Note: 
ND = Notdeacted 

Table 10.11.31 
SWMU 12 

Potential Corrective Measures 

M d u m  Potential Corrective Measures 

Groundwater Arsenic. Bis(2cthylhexyl)phthalamm a) No action 
Cadmium. Nickel. Thallium TEQs b) Monitoring 

c)  Ex-situ &sical/chem~cal treatarent and discharge a POTW 
d) Ex-situ physicpl/ched treatmat and discharge through NPDES 
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10.12 SWMU 177lRTC 

The SWMU 177iRTC was not addressed in the Final Zone I RFI Work Plan (E/A&H, 

February 1995). This site was determined by USEPA Region IV to warrant limited investigation 

in conjunction with current construction activities. SWMU 177lRTC cc~nsisted of two adjacent 

buildings, both designated as Building RTC-4. The original RTC-4 was a 24 x 60 foot metal 

structure used to house heavy equipment including backhoes and trackhoes. The designation 

RTC-4 was given to a newer building constructed next to the former RTC-4. The newer RTC4 

was used to store lawn mowers and other lawn maintenance equipment. This unit was designated 

as a SWMU due to oil spillage associated with operations at the two buildings. Visual inspections 

during rhe RFA identified several areas of stained soil and concrete in and around the two 

buildings. These buildings were both less than 50 feet from the Cooper River. 

This area was included in a lease agreement between the Navy and the National Oceanographic 

and Atmospheric Administration (NOAA) in the spring of 1995. Sincr: taking over this area, 

NOAA has removed both buildings and has installed a diesel fuel AST anld three generators at the 

site. 

Materials of concern identified include VOCs, petroleum hydrocarbons, and heavy metals. 

Potential receptors include current or future site workers who may be involved in invasive 

activities that might bring them in direct contact with subsurface contarn.inants. The ecology of 

the Cooper River is also a potential receptor. 

The initial samples were collected to facilitate the property transfer and expansion. Subsequent 

sampling rounds were conducted to confirm the presence of any contamination from onsite 

activities. Soil and groundwater were sampled in accordance with Section 3 of this report. 
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10.12.1 Soil S a m p l i n g  and Analysis 

Four rounds of soil sampling were performed at SWMU 1771RTC. The locations are shown on 

Figure 10.12.1. All first-round and second-round samples were analyzed at DQO Level III for 

VOCs, SVOCs, pesticidesIPCBs, cyanide, metals. One sample seIected as a duplicate was 

analyzed at DQO Level ZV for Appendix IX analytical parameters. Two fust-round soil borings 

(upper and lower-intervals) were analyzed for dioxins. Seven second-round upper-interval borings 

and six lower-interval borings were analyzed for dioxins. Third and fourth-round samples were 

anlayzed for VOCs and SVOCs. Table 10.12.1 summarizes the four rounds of soil sampling. 

Table 10.12.1 
S W M U  177/RTC 

Soil Sampling Summary 

Sampling Round Sampling Date Samples Cotlected Sample Analyses 

Upper - 10 (10) Standard Suite 
Duplicate - 2 Standard Suite. Dioxins 

Upper - 7 Standard Suire. DRO. GRO. Dioxins 
Standard Suite. DRO. GRO, Dioxins 

Lower - 6 

Upper - 8 VOCs. SVOCs 
Lower - 6 VOCs. SVOCs 

4 06117198 Upper - 4 VOCs, SVOCs 
Lower - 4 VOCs, SVOCs 

Notes: 
( ) 

- - Parentheses indicate the number of samples proposed. 
Standard Suite - - VOCs, SVOCs. metals. cyanide. pesticides. and PCBs were analyzed at DQO Level 111. 

Grid-based soil boring (GDISB016) was advanced in the area of SWMU 177/RTC as shown on 1 

Figure 10.12.1. Upper-interval samples from this boring were analyzed for the standard suite of 2 

parameters. Results of these analyses are presented in the nature and extent discussion of 3 

SWMU 177/RTC and presented in Appendix D. 4 
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10.12.2 Nature and Extent of Organic and Inorganics in Soil 1 

Organic compound analytical data for soil are summarized in Table 10.12.2. Inorganic analytical 2 

data for soil are summarized in TabIe 10.12.3. Table 10.12.4 summarii:es all analytes detected 3 

in soil at SWMU 177fRTC. Appendix D contains the complete analytical data report for all 4 

samples collected in Zone I. 5 

Table 10.12.2 
SWMU 1771RTC Soil 

Organic Compound Analytical Results for Soil (&kg) 

Number of 
Snmples 

Sampling Detection RBC (upper) Exceeding 
Parameters Interval Frequencv Detection Range Mean SSL Oower) RBC or SSL 

Acetone Upper 7129 8.00 - 160 62.8 780000 0 
Lower 6/16 22.0 - 130 50.8 80QO 0 

Benzene 

2-Butanone (MEK) Upper 1/29 3.00 
Lower 6/16 3.00 - 27.0 

Carbon Disulfide Upper 0129 ND 
Lower 3/16 2.0 - 4.0 

1.1-Dichloroethene U P F ~  1/29 2.00 
Lower 01 16 ND 

1,2-Dichloroethene (total) Upper 1/29 6.00 
Lower 1/16 6.70 

Ethylbenzene Upper 5/29 0.64 - I .80 1.15 780000 0 
Lower 3/16 0.88 - 1.10 0.953 6500 0 

Methylene Chloride U P P ~  2/29 7.0 - 12.0 
Lower 2/16 2.7 - 15.0 

4-Methyl-2-Pentanone Upper 1 i29 6.0 
(MIBK) Lower 0119 ND 

1,1,2,2-Tetrachloroethane Upper 1/29 2.00 
Lower 0116 ND 

Toluene Upper 3/29 0.77 - 1.90 1.16 1600000 0 
Lower 2116 0.76 - 0.77 0.765 6000 0 

Trichloroethene (TCEI Upper 4129 2.0 - 3.0 
Lower 0116 ND 

Xylene Upper 5/29 4.3 - 7.9 
Lower 5/16 2.4 - 4.7 
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Table 10.12.2 
SWMU 177lRTC Soil 

Organic Compound Analytical Results for Soil (pglkg) 

Number of 
Samples 

snmpb3 Detection RBC (upper) Exceeding 
Paramelers Interval Frequency Detection Range Mean SSL dower) RBC or Sfl 

Semivolatile Organic Compounds 

Acenaphthene Upper 2/2/29 57.0 - 98.0 77.5 470000 0 
Lower O/l6 ND ND 290000 0 

Acenaphthylene 

A nthracene 

Benzoic Acid 

Benzo(g,h,i)perytcne 

BEQ 

Benzo(a)anrhracene 

Bemo(a)py rene 

Be~o(b)fluoraIuhene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz(a.h)anthracenc 

Indeno( l,2.3-cdlpyrene 

bis (2-Ethylhexyl) phthalate 

Butylbenzylphthalatc 

Di-n-butylphthalate 

Diethy lphthalate 

Fluoranrhene 

Upper 
Lowcr 

Upper 
Lower 

Upper 
Lowcr 

Upper 
tower 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

U P P ~  
Lower 

Upper 
Lower 

upper 
Lower 

Upper 
Lower 

Upper 
Lowcr 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

U P P ~  
Lower - 
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Table 10.12.2 
SWMU 177/RTC Soil 

Organic Compound Analytical Results for Soil bg./kg) 

Number of 
samples 

-piing Detection RBC (upper) Exceeding 
Parameters ldewal Frequency Detection Range hfean SSL (lower) RBC or  SSL 

Phenanthrenc UPptr 3/29 80.0 - 790 
Lower 1116 110 

P y ~ n e  UPF~ 7/29 18.0 - 1700 
b w c r  1116 740 

Aroclor-1260 Upper 2117 33.0 - 190 
Lower 016 ND 

Upper 1117 0.9 
Lower 016 ND 

alpha-Chlordane U P P ~  1117 4.25 
Lower 016 ND 

gamma-Chlordane Upper 1/17 6.95 
Lower 116 4.10 

Upper 7117 0.22 - 6.80 3.30 2700 0 
Lower 016 ND N D 8 .WJ 0 

Upper 11/17 0.085 - 38.0 12.3 1900 0 
Lower 216 6.00 - 37.0 21.5 16000 0 

Chlordane Upper 4/17 40.0 - 680 
Lower 016 ND 

Dieldrin Upper 1!17 3.7 
Lower 016 N D 

UPPer 3117 2.2 - 5.1 
Lower 016 ND 

Endrin aldehyde Upper 1117 5.2 
Lower 016 ND 

Heprachlor Epox~dc Upper 3117 0.57 - 3.05 2.17 70 0 
Lower 016 ND ND 330 0 

Methoxychlor Upper 1117 2.00 2.00 39000 0 
Lower 1 I6 7t.0 71.0 80000 0 

Dioxins, Furans, and Organatins 

TEQ Upper 919 2.86E-5 - i .67E3 4.3OE-4 4.38-3 0 
Lower 616 4.34E-6 - 1.20E-4 4.74E-5 1.60 0 

1234678-HpCDD Upper 919 1.32E-3 - 4.65E-2 1.495-2 4.3E-f 0 
Lower 516 1.39E-3 - 4.32E-2 2.35E-3 108 0 



Zone I RCRA FaciIiry Investigation Repon 
Charleston Naval Complex 
Section 10 - Site-Specific Evaluations 
Revision: O 

Table 10.12.2 
SWMU 1771RTC Soil 

Organic Compound Analytical Results far Soil (rg/kg) 

Number of 
SPmples 

S-plina Detection RBC (upper) Exceediug 
Parameters Intewd Frequency Detection Range Mean StX (lower) RBC or SSL 

1234678-HpCDF Upper 619 l.lZE-3 - 3.07E-2 9.53E-3 4.3E-1 Q 
tower 4/6 3.3884 - 1.74E-3 9.62B4 54 0 

1 23478-HxCDD U P F ~  1 19 6.15E4 6.15E-4 4.38-2 0 
Lower 016 ND ND 4.1 0 

123618-HxCDD VPVr 119 2.2IE-3 2.218-3 4.38-2 0 
Lower 016 ND ND 4.1 0 

123678-HxCDF Upper 119 7.8%-4 
Lower 016 ND 

123789-HxCDD Upper 119 1.58E-3 
Lower 016 ND 

234678-HxCDF Upper I19 1 .OE-3 
Lower 116 3.41E4 

OCDD 

OCDF 

Upper 919 1.21E-2 - 5.29B-1 1.47&1 4.3 0 
Lower 6.16 4.348-3 - 2.49E-2 1.55E-2 1080 0 

.- 

Diesel 

TPH-GRO 

Gasol~ne Upper 1 IS 21.2 21.2 N A N A 

Lower OIS ND ND N A N A 

Notes: 
NA = Not AppIicablelNot Ava~lableINot Analyzed 
ND = Not DetecWNor Determined 
NL = Not listed 
.~g/kg = Micrograms per kilogram 
See Table 5.5 for organic compound screening concentrations and their sources. 
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Volatile Organic Compounds in Soil I 

Twelve VOCs were detected in surface soil samples at SWMU 177lRTC. Acetone was detected 2 

in seven of 29 samples at concentrations ranging from 8.0 pglkg to 160 pglkg. Sirnifarly xylene 3 

was detected in five of 29 samples at concentrations ranging from 4.3 pg/kg to 7.9 pglkg. None 4 

of these detections exceeded its RBC. No VOCs were detected in the surface soil sample from s 

grid-based boring GD1016. 6 

Eight VOCs were detected in the subsurface soil samples at SWMU 177lRTC. Again, acetone 7 

and xylene had the greatest frequency of detections. Methylene chloride exceeded its SSL 8 

(10 pglkg) in sample 177SB003 at 15 pglkg. No other VOCs detected in the subsurface soils 9 

exceeded their SSLs. 10 

Semivolatile Organic Compounds in Soil I I 

Seventeen SVOCs were detected in the surface soil samples at SWMU 177/RTC. 12 

Benzo(a)anthracene exceeded its RBC (870 pglkg) in boring 177SB010 at 910 pglkg. 13 

Benzo(a)pyrene exceeded its RBC (87 ~ g l k g )  in boring 177SB010 at 1,000 &kg and in boring 14 

RTCSBOlO at 140 pglkg. Benzo(b)fluoranthene exceeded its RBC in on sample in boring 1s 

177SB010 at 1,000 pg/kg. No other SVOCs exceeded their RBCs. No SVOCs were detected in 16 

the surface soil sample from grid-boring GDISB016. 17 

In accordance with recent cPAH guidance and Section 7 of this report, BEQs were calculated for 1s 

cPAHs at SWMU 177lRTC. BEQs were calculated for seven surface soil samples at 19 

concentrations ranging from 2.42 pg/kg to 1,274 pglkg. The calculated BEQs exceeded their 20 

RBC in boring 177SB010 (1,274 pglkg), 177SB012 (98.5 pglkg), and RTCSBOlO (182 pglkg). 21 
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Fourteen SVOCs were detected in subsurface soil samples at SWMU 177lRTC. 

Benzo(a)anthracene was detected in one sample in boring 177SB007 at 860 pglkg, which exceeds 

the SSL of 800 pglkg. No other SVOCs exceeded their SSLs. 

BEQs were caclulated for one subsurface soil sample. Boring 177SB00'7 had a calculated BEQ 

of 2,878 pgfkg, which exceeded its SSL of 1,600 pglkg. cPAHs were not detected in any other 

subsurface soil samples. 

Pesticides and PCBs in Soil 

Thirteen pesticides were detected in surface soils at SWMU 177lRTC. The most frequently 

detected was 4,4'DDT which was detected in 11 of 17 samples, The Jetections ranged from 

0.085 pg/kg to 35 pglkg, which were both below the RBC. 4,4'DDE was detected in 10 of 

17 samples, at concentrations ranging from 3.8 pglkg to 75.5 pglkg, which are also below the 

RBC. 4,4'DDE was also detected in a surface soil sample from grid boring GDI016 at 19 pglkg. 

None of the pesticides detected exceeded its RBC. 

Four pesticides were detected in subsurface soil samples. None exceeded its SSL. 

Aroclor-1260 was detected in two surface soil samples at concentrations of 33 pglkg, and 

190 wglkg which are below its RBC. 

Other Organic Compounds in Soil 

Dioxins were detected in all nine surface soil samples collected and analyzed for dioxins. In 

accordance with recent dioxin guidance and Section 7 of this report, TErQs were calculated for 

dioxins in soil. Calculated TEQs ranged from 2.86E-5 pglkg to 1.67E-3 pglkg, which are all 

below the RBC of 4.3E-3 &kg. 
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Dioxins were also detected in all six subsurface soil samples collected. The calculated TEQs I 

ranged from 4.34E-6 pglkg to 1.20E-4, which are well below the SSL of 1.6 pglkg. 2 

Inorganics in Soil 3 

Seventeen inorganics were detected in soil. None exceeded its RBC or SSL and background. 4 

Additionally, nine inorganics were detected in the surface soil sample from grid-based boring 5 

GDI016. None exceeded its RBC. 6 

10.12.3 Groundwater Sampling and Analysis 7 

To characterize the site groundwater and to help fill in potential data gaps, two shallow monitoring 8 

wells were installed and sampled at SWMU 177/RTC, and two rounds of groundwater sampling 9 

were completed. During the first-round of sampling, SWMU 1771RTC wells were sampled for lo 

VOCs and SVOCs at DQO Level 111. Samples from the second-round were analyzed for metals, 1 1  

VOCs, SVOCs. Table 10.12.5 summarizes the groundwater sampling at SWMU 177llXTC. 12 

Table 10.12.5 
SWMU 1771RTC 

Groundwater Sampling Summary 

Sampiing Sampling Wells 
Round Date Sampled Sample Analyses 

1 041 15/98 177001 VOCs, SVOCs 
177002 

2 08/17/98 177001 VOCs, SVOCs, metals 
177002 

Groundwater samples were also collected from a shallowldeep grid monitoring we11 pair I 

(GDI016lGDI16D) located near SWMU 177tRTC. Both were sampled during four sampling 2 

events, and all samples were analyzed for the standard suite of parameters, plus chloride, sulfate, 3 
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and TDS. Results are discussed in the SWMU 177/RTC nature and extent section and presented 

in Appendix D. 

Figure 10.12.1 illustrates SWMU 177/RTC monitoring well locations. All shallow monitoring 

wells were installed between 12.5-13.0 feet bgs in the upper sand layer ol'the Wando Formation. 

Deep grid well GDI16D was installed at 64.5 feet bgs. All wells were inst;llIed in accordance with 

Section 3 -2.3 of this report. 

10.12.4 Nature and Extent of Contamination in Groundwater 

Table 10.12.6 summarizes the SWMU 177JRTC groundwater organic analytical results. 

Table 10.12.7 summarizes groundwater inorganic analytical results. Table 10.12.8 summarizes 

all analytes detected in shallow groundwater at SWMU 177JRTC. Appendix D is a complete 

analytical data report for all samples collected in Zone I. 

Volatile Organic Compounds in Groundwater 

One VOC, carbon disulfide, was detected during the first sampling round at well 177001 

(0.52 pg/L). No other VOCs were detected during any of the sampling rounds. 

Ethylbenzene (3.0 ,ug/L), 2-Butanone (3.0 M ~ / L )  and xylene (6.0 yglI,) were detected in the 

shallow grid-based well, GDI016 during the first-round of sampling. All were below their 

tap-water RBCs. Methylene chloride (27.0 pglL) and acetone (64.0 pg/L) were detected in the 

duplicate sample from GDI016 during the second-round of sampling. Methylene chloride 

exceeded its tap-water RBC. No other VOCs were detected in shallow grid well GDI016, 

No VOCs were detected in the deep grid-based monitoring well, GDI:L6D, during any of the 

sampling rounds. 
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Table 10.12.6 
SWMU 177lRTC 

Organic Compound Analysis Results for Groundwater h g / L )  

Number of 
Samples 

Sample Detection Detection Tapwater Execding RBC or 
Parameters Round Frequency Range Mean RBClMCL MCL 

Volntile Organics Compounds 

Carbon disulfide First 112 0.52 0.52 lOOML 0 
Second OR ND ND 0 

- -- 

Semivolatile Organics Campounds 

Acenaphthene First 1 I2 1.9 1.9 220lNA 0 
Second 112 1 .O 1 .O 0 

Notes: 
NA = Not ApplicablelNot AvailableINot Analyzed 
ND = Not Detected 
NL = Not Listed 
,cg/kg = Micrograms per kilogram 
pgfL = Micrograms per Liter 
See Table 5 .5  for organic compound screenrng concentrations and their sources. 

Table 10.12.7 
SWMU 177iRTC 

Inorganic Analysis Results for Groundwater bg /L)  

Number of Samples 
Shallow Exceeding Lower of 

Sample Detection Detection Tapwater Groundwater RBC or MCL and 

Arsenic (As) First N A N A N A 0.045/50 23.0 N A 
Scwnd 212 1.5 - 2.1 1.8 0 

Manganese (Mn) First N A N A N A 73ML 5,430 N A 
Sccond 2/2 44.4 - 270 157 0 

Notes: 
NA = Not ApplicableINot Ava~lable 
NL = Not Listed 
, ~ g l L  = micrograms per Liter 
See Table 5 .6  for inorganic screening concentrations and their sources. 
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Semivolatile Organic Compounds in Groundwater 

Acenaphthene was detected in the shaIlow groundwater at in well 177001 in both the first and 

second-round of sampling at concentrations below the tap-water RBC. Acetophenone (1.0 pglL) 

and naphthalene (2.0 pg/L) were detected in the shallow grid-based well in the first and second- 

round of sampling respectively. Acetophenone exceeded its tap-water RBC of 0.0042 pg/L. No 

other SVOCs were detected in the shalIow groundwater at SWMU 177fRTC. No SVOCs were 

detected in the deep grid-based well (GDI16D). 

Other Organic Compounds 

Dioxins were detected in a deep groundwater sample from grid-based well GDIl6D during the 

second and third-rounds of sampling. Calculated TEQs, are 0.013 pg/L (second-round) and 

0.351 pg/L for the third-round. These calculated values are below their tap-water RBCs. No 

other dioxins were detected in the grid-based pair. Samples from the site wells were not analyzed 

for dioxins. 

Inorganics in Groundwater 

Two inorganics - arsenic and manganese - were detected in the shallow groundwater at 

SWMU 177iRTC. These detections did not exceed the inorganics screening levels. 

Aluminum was detected in one sample from the shallow grid-based well GDI016 during the 

third-round of sampling at 33.7 pg/L. Aluminum was not detected in any other shallow well 

samples, nor was it detected in any of the deep grid-based well samples from GDI16D. Barium 

was detected in shallow grid well GDI016 in the first, second, and fourth sampling rounds at 

concentrations ranging from 2.5 pg/L to 7.1 pg/L, which are below the tap-water RBC and 

shallow background value. Barium was also detected in the deep grid-based well GDI16D in all 

four rounds of sampling. The detections ranged from 48.4 pg/L to 68.3 pglL, which are below 

the MCL and deep groundwater background values. Beryllium was detected in one deep well 

sample from GDI16D during the second-round of sampling, at 1.1 pglL, which is below the MCL 
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and deep groundwater background vaiue. Copper was detected in one deep well sample in the 

first-round from GDI16D at 1.8 pglL which is below the MCL. Lead was detected in one shallow 

groundwater sample from GDI016 during the first-round of sampling at 2.9 pglL which is below 

the tap-water RBC and shallow groundwater background. Manganese was detected in all four 

rounds of samples from the shallow grid-based well at detections ranging from 93.1 pg/L to 

172.5 pg/L. These values are below the tap-water RBC and the shallow groundwater background. 

Manganese was also detected in all four rounds of samples from the deep grid-based well 

GDI16D. Detections ranged from 56.0 pg/L to 110 pgIL, which are belalw the deep groundwater 

background. Nickel was detected in one shallow groundwater sample from GDIO16 during the 

fourth-round at 1.1 pglL and from the deep grid-based well, GDIllSD at 1.4 pg1L in the 

first-round. These detections are below their respective values, Zinc was detected in two shallow 

groundwater samples from the grid-based well GDI016 in the firsit and fourth-rounds at 

concentrations below the tap-water RBC and shallow background and from one sample from the 

deep grid-based well GDI16D in the first-round. This detection was below the deep groundwater 

background value. 

10.12.5 Fate and Transport Assessment 

The SWMU 177JRTC was not addressed in the Final Zone I RF'I Work Plan (E/A&H, 

February 1995). This site was determined by USEPA Region 1V to warrant limited investigation 

in conjunction with current construction activities. SWMU 177JRTC consisted of two adjacent 

buildings, both designated as Building RTC4. The original RTC-4 was a 24 x 60 foot metal 

structure used to house heavy equipment including backhoes and trackhoes. The designation 

RTC-4 was given to a newer building constructed next to the former RTC-4. The newer RTC-4 

was used to store lawn mowers and other lawn maintenance equipment. This unit was designated 

as a SWMU due to oil spillage associated with operations at the two buildings. Visual inspections 

during the RFA identified several areas of stained soil and concrete in and around the two 

buildings. These buildings were both less than 50 feet from the Cooper River. Environmental 

media sampled as part of this investigation include surface and subsurface soil, and shallow 
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groundwater. Potentiai constituent migration pathways evaluated for SMWU 177lRTC include I 

soil-to-groundwater, migration of groundwater to human receptors and to surface water receptors. 2 

and emission of volatiles from surface soiI-to-air. 3 

10.12.5.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.12.9 and 10.12.10 compare maximum detected organic and inorganic constituent 

concentrations respectively in surface soil and subsurface soil samples to risk-based soil screening 

levels considered protective of groundwater. Maximum concentrations in soil are compared to 

leachability-based generic SSLs. Soil background values for Zone I inorganics were determined, 

but at the request of SCDHEC, they were not considered during initial comparisons of maximum 

soil concentrations to SSLs. To provide a conservative screen, generic SSLs are used; leachate 

entering the aquifer is assumed to be diluted by a ratio of 10: 1 ,  with no attenuation of constituents 

in soil (DAF = f 0). 

No inorganic constituents exceeded SSLs in site soil. Five organic constituents were detected in 

surface and subsurface soil at levels exceeding their SSL: methylene chloride, 1,1,2,2 

tetrachlorethane, benzo(a)pyrene equivalents (BEQs), benzo(a)anthracene, and dieldrin . 

Methylene chloride was detected in two surface samples (one SSL exceedance) and exceeded the 

SSL in one co-located subsurface sample. Figure 10.12.2 presents methylene chloride 

concentrations detected at SWMU 177lRTC. 1,1,2,2 tetrachlorethane exceeded the SSL in only 

one subsurface sample. Figure 10.12.3 presents tetrachlorethane exceedance at SWMU 177fRTC. 

The dominant BEQ species was benzo(a)pyrene, which exhibited higher concentrations in the 

subsurface. Figure 10.12.4 presents BEQ concentrations detected at SWMU 1771RTC. 

Benzo(a)anthracene had four detections (one SSL exceedance) and one subsurface exccedance. 

Figure 10.12.5 presents benzo(a)anthracene concentrations detected at SWMU 177lRTC. Dieldrin 

exhibited only one exceedance in surface soil. Figure 10.12.6 presents dieldrin concentrations 

detected at SWMU 177lRTC. No organic constituents were detected in shallow groundwater. 
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Zone I RCRA Facility Invesrigarion Report 
Charlesron Naval Complex 

Section 10 - Sire-Specific Evaluations 
Revision: 0 

The presence of volatiles and semivolatiles is entirely consistent with the past site activities. I 

However, the limited frequency of SSL exceedances suggests that contamination is certainly not 2 

widespread. In summary, organic exceedances in soil validate the soit-to-groundwater pathway, 3 

but the limited occurrence above action levels and their absence in groundwater suggests that the 4 

pathway is not significant for organics. 5 

10.12.5.2 Groundwater Migration 

No constituents in site groundwater exceeded an RBC (human receptor pathway) or a surface 

water screening value; thus, these pathways are considered invalid for this SWMU and RTC area. 

10.12.5.3 Soil-to-Air Transport 

While 12 VOCs were detected in surface soil, all concentrations were far below their soil-to-air 

SSL. Therefore, the pathway is not considered valid at this site. 

10.12.5.4 Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Organics 

Five organics are present in surface and subsurface soil at levels exceeding SSLs: rnethylene 

chloride, 1,1,2,2 teuachloroethane, bezo(a)pyrene equivalents (BEQs), benzo(a)anthracene, and 

dieldrin. 

None was widespread at high concentrations. Thus, the pathway is considerd valid, but it is not 

expected to be significant for organics. 

Inorganics 

No inorganics in site soil exceeded SSLs. 



Zone I RCRA Fuciliry Investigarion Report 
Charleston Nmd Complex 
Section 10 - Site-Specific Evaluuiionr 
Revision: 0 

Groundwater Migration Pathway f 

No constituents exceeded RBCs or surface water screening values; thus, the groundwater pathway 2 

is considered invalid. 3 

Soil-to-Air Pathway 4 

Twelve VOCs were detected in surface soil, but none exceeded the soil-to-air SSL, thus s 

invalidating this pathway. 6 

10.12.6 Human Health Risk Assessment 

10.12.6.1 Site Background and Investigative Approach 

SWMU1771RTC was investigated to assess soil potentially affected by past site activities. The 

SWMU 177lRTC was not addressed in the Final Zone I RFI Work Plan (E/A&H, February 1995). 

This site was determined by USEPA Region IV to warrant limited investigation in conjunction 

with cument construction activities. SWMU 177/RTC consisted of two adjacent buildings, both 

designated as Building RTC-4. The original RTC-4 was a 24 x 60 foot metal structure used to 

house heavy equipment including backhoes and trackhoes. The designation RTC-4 was given to 

a newer building constructed next to the former RTC-4. The newer RTC-4 was used to store lawn 

mowers and other lawn maintenance equipment. This unit was designated as a SWMU due to oil 

spillage associated with operations at the two buildings. Visual inspections during the W A  

identified several areas of stained soil and concrete in and around the two buildings. These 

buildings were both less than 50 feet from the Cooper fiver. SWMU 177 originally consisted of 

Building RTC-4, which was used to store heavy equipment, such as backhoes and track hoes, as 

well as lawn maintenance equipment. 

The assessment of SWMU 177 resulted from oil spills that were reported to have occurred in the 22 

area. 23 

24 



Zone I RCRA Facility investigation Report 
Charleston Naval Complex 

Section I(I  - Site-Specific Evaluations 

A limited investigation was performed at the RTC in conjunction with excavation and removal of 

asphalt, digging of foundations, etc., for the addition of a building wing for NOAA which had 

recently leased the site. The investigation was limited to upper-intlerval soil right next to 

construction activities. The RTC investigation involved the collection of 10 soil samples from the 

upper-interval. No groundwater sampling was performed in conjiunction with the RTC 

investigation. The SWMU 177 investigation involved the collection of 19 soil samples from the 

upper-interval and 16 soil samples from the lower-interval. Two monitoring wells were 

established for the SWMU 177. Sections 10.12.1 and 10.12.3 surnmarizr:~ the sampling activities 

for the RTC and SWMU 177. For purposes of this risk assessment, ]the data from these two 

investigations have been combined. 

10.12.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.12.1 1, benzo(a)pyrene equivalents were identified as COPCs. No COPCs were screened 

out on the basis of background concentration alone. 

Groundwater 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.12.12, no COPCs were identified. Both arsenic and manganese exceeded their respective 

RBCs and were screened out on the basis of background concentration alone. No Wilcoxon rank 

sum test analysis was performed since there were only two samples collected and analyzed for 

inorganics 
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10.12.6.3 Exposure Assessment 1 

Exposure Setting 2 

The RTC is currently under development to house offices of NOAA. It is in close proximity to 3 

SWMU 177 which was designated for further investigation in RFAs issued after approval of the 4 

Zone I RFI Work Plan. SWMU 177 consisted of two buildings used to house heavy equipment, s 

store oils, fuels and lawn care equipment, 6 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assessment. The hypothetical future site worker 

scenario assumed continuous exposure to surface soil conditions. Current site workers' exposure 

would be less than that assumed for the hypothetical future site worker scenario because of their 

limited soil contact and the fact that groundwater is not currently used onsite. Therefore, future 

worker assessment is considered to be protective of current site users. 

Exposure Pathways IS 

Exposure pathways for the future site workers are dermal contact and incidental ingestion of 16 

surface soils, The exposure pathways for future residential land use are the same as those for the 17 

future site worker. In addition, the hypothetical future site worker scenario assumed continuous is 

exposure to surface soil conditions. Uniform exposure was assumed for a11 sample locations. 19 

Table 10.12.13 presents the justification for exposure pathways assessed in this HHRA. 20 

Exposure Point Concentrations 21 

As discussed in Section 7 of this RFI, 95 % UCLs were calculated for datasets consisting of at least 22 

10 samples. As shown in Table 10.12.14, the 95 % UCL for benzo(a)pyrene equivalents was used 23 

as the EPC to quantify exposure. 24 
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Table 10.12.13 
SWMU 177lRTC 

Exposure Pathways Summary 

Potentially Exposed Medium m d  Exposure Pathway Selected for 
Po~ula l ion  Pathwav Evaluation? Reasor\ for Selection o r  Exclusion 

Current h d  Uses 

Current  Usem (Site Air, inhaiation of gaseous No Fate and haluport screening did not ~dentify 
Workers) contaminants emanating from any COPCs for this indirect cxposure 

soil pathway. 

Air, inhalation of chemicals 
entrained in fugitive dust 

No This exposure pathway was com~dered 
insignificant compared to the other parhways. 

Shallow groundwater. Ingestion No Shallow gro~lrdwater is not currently used as a 
of contaminants during potable source of potable or  non-residential water ar 
o r  general use S W M U  1771'RTC. 

Shallow groundwater, No Shallow gro~~ndwater is not currently used as a 
Inhalation of volatilized shallow 
groundwater contaminants 

Soil. Incidental ingestion 

Soil. Dennal contact 

source of potable or non-residential water at 
SWMU 177;RTC. 

No (Qualified) Future site use is considered conservatively 
representative of current site use. 

No (Qualified) Future sire use is considered conservatively 
represcntatiw of current site use. 

Future Land Uses 

Future Site Residmts Air. Inhalation of gaseous No Fate and transpod screening did not identify 
(Child and Adult), conraminanrs emanating from any COPCs for this indirect exposure pathway. 
Future Site Worker soil 

Air. Inhalation of chemrcats 
entrained in fugitive dust 

Shallow groundwater, ingestion 
of contamtnants dunng potable 
or general use 

Shallow groundwater. 
Inhalation of volatilized 
contaminants during domestrc 
U X  

Soil. Incidental ingestion 

Sail. Dermal contact 

Wild game or  domestic 
animals. Ingestion of tissue 
iml#rctcd by media 
contamination 

Yes 

Yes 

No 

This exposure pathway was considered 
insignificant compared to the other pathways. 

No C O P C s  w e r e  i d e n t ~ f i c d  for 
SWMU 1771RTC groundwater. 

No C O P C s  were identif ied f o r  
SWMU 177;RTC groundwater. 

COPCs wcrc identified subsquent to risk- 
based and background screening comparisons. 

COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Huntingltaking of game andlor raising 
livestock is prohibited within the Charleston. 
South Carolina, city limits. 

Fruits arid vegetables, Ingestion No The potential for significant exposure via this 
of plant tissues grown in media pathway is low relative to that of other 
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Quantification of Exposure 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.12.15 and 10.12.16, 

respectively. 

10.12.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.12.17 

presents toxicological information specific to each COPC identified at SWMU 177iRTC. This 

information was used in the quantification of riskfhazard associated wi-th soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Benzo(a)pyrene equivalents include the following polynuclear aromatic hydrocarbons (PAHs): 

Benzo(a)anthracene 

Benzo(a) py rene 

Benzo(b)fluoranthene 

Benzo(k) fluoranthene 

Chrysene 

Dibenz(a, h)anthracene 

Indeno(l,2,3-cd)pyrene 

TEF 0.1 

TEF 1.0 

TEF 0.1 

TEF 0.01 

TEF 0.001 

TEF 1.0 

TEF 0.1 

Some PAHs are toxic to the liver, kidney, and blood. However, the tox:~c effects of those PAHs 

have not been well established. There are no RfDs for them due to a lack of data. All PAHs 

listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity is addressed 

relative to that of benzo(a)pyrene, which has an oral SF of 7,3 (mglkg-day)". TEFs, also set by 

USEPA, are multipliers applied to the detected concentrations, which are subsequently used to 
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calculate excess cancer risk. These multipliers are discussed further in the exposure and toxicity 

assessment sections. Most carcinogenic PAHs have been classified as such due to animal studies 

using large doses of purified PAHs. There is some doubt as to the validity of these listings, and 

the SFs listed in USEPA's RBC table are provisional. However, these PAHs are carcinogens 

when the exposure involves a mixture of other carcinogenic  substance:^ (e.g., coal tar, soot, 

cigarette smoke). As listed in IRIS, human data specifically linking benzo(a)pyrene to a 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate of benzo(a)pyrene was verified. This 

section provides information on the aspects of the carcinogenic risk assessment for the agent in 

question: the USEPA classification and quantitative estimates of exposure. The ciassification 

reflects a weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 

presented as the risk per mg/kg-day. The unit risk is the quantitative estimate in terms of either 

risk per pglL drinking water or risk per pglm3 air breathed. The thircl form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1,000,000. The carcinogenicity background document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference Concentration 

sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays, Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene pr'oduced tumors in mice 
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exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical I 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 2 

transformed mammalian cells in culture. As listed in IRIS, the basis for the benzo(k)fluoranthene 3 

B2 classification is no human data and sufficient data from animal bioassays. 4 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 5 

a promoting agent in s kin-painting studies. Equivocal results have been found in a lung adenoma 6 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaasen, et al., 1986). 7 

8 

10.12.6.5 Risk Characterization 9 

Surface Soil Pathways 10 

Exposure to surface soil onsite was evaluated under both future residential and industrial (site 11 

worker) scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 12 

pathways were evaluated. For noncarcinogenic contaminants evaluated for future site residents, 13 

hazard was computed separately to address child and adult exposure. Tables 10.12.18 and 14 

10.12.19 present the computed carcinogenic risks andlor HQs associated with the incidental 1s 

ingestion of and dermal contact with site surface soils, respectively. 16 

17 

Hypothetical Site Residents 18 

The ingestion ILCR (based on the adult and child lifetime-weighted average) for combined 19 

SWMU 177 surface soils is 1E-05, and the dermal pathway ILCR is 4E-06. Benzo(a)pyrene 20 

equivalents were the primary contributor to ILCR for both pathways. 21 

22 

Future Site Workers 23 

Site worker ILCRs are 1E-06 and 2E-06 for the ingestion and dermal contact pathways, 24 

respectively. Benzo(a)pyrene equivalents were the primary contributors to ILCR for both 2s 

pathways. 26 
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The RTC area was covered by an asphalt parking lot at the time of sampling. Current site users 

engaged in construction activities have an enhanced chance of exposure to affected surface soil. 

Because the formal site worker assessment assumed uniform exposure to surface soii, the 

risklhazard projections are loosely applicable to construction workers. It should be recognized 

that site construction activities generally last no more than two years (or approximately one- 

fifteenth of the exposure duration assumed for chronic exposure). Coi~struction activities do, 

however, result in greater incidental ingestion and dermal contact with surface soil than normal 

occupational site activities. The typical construction worker incidental soil ingestion rate will 

approximately 500 mg/day (or 10 times more than the standard worker assumption). When the 

increased opportunity for soil ingestion is factored with the limited duration of exposure, the 

chronic exposure based on risklhazard projections provides a conservative estimate of the threat 

to construction workers. 

If previous asphalt surface is restored (or a building is constructed in its place), potential exposure 

to affected surface soil will be minimized. 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-4 to 1E-6, and a hazard index 

threshold of 1.0 (unity). In this HHRA, a COC was considered to be any chemical contributing 

to a cumulative risk level of 1E-6 or greater and/or a cumulative hazard index above 1.0 if its 

individual ILCR exceeds 1E-6 or its hazard quotient exceeds 0.1. For cai:cinogens, this approach 

is relatively conservative because a cumulative risk level of lE-4 (and individual ILCR of 1E-6) 

is recommended by USEPA Region IV as the trigger for establishing COCs. The COC selection 

algorithm presented was used to more comprehensively evaluate cb:micals contributing to 

carcinogenic risk or noncarcinogenic hazard during the remedial goal option development. 

Table 10.12.20 summarizes the COCs identified for SWMU 177lRTC. 
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Surface Soils 

Hypothetical Site Residents (future land use) 

Benzo(a)pyrene equivalents were identified as COCs for this scenario balsed on the sum ILCR. 

10.12.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) ret:ommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the future site worker scenario are highly protective and would tend to overestimate exposure. 

Current site workers include construction employees who may be consistlently exposed to surface 

soil. Site workers would not, however, be expected to work onsite in contact with affected media 

for eight hours per day, 250 days per year, as assumed in the exposure assessment. The COPCs 

identified in surface soil are limited in extent. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial!industrial use of Zone I, 

and the RTC is currently being redeveloped for use by NOAA as administrative/office space. If 

this area were to be used as a residential site, the buildings would be demolished, asphalt surface 

removed, and the surface soil conditions would likely change - the soils could be covered with 

landscaping soil andlor a house. Consequently, exposure to current surface soil conditions would 

not be likely under a true future residential scenario. These factors indicate that exposure 

pathways assessed in this HHRA would generally overestimate the risk and hazard posed to 

current site workers and future site residents. 
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Determination of Exposure Point Concentrations 

The 95%UCL was used as the EPC for evaluating soil pathway exposures to benzo(a)pyrene 

equivalents. Generally, use of the 95% UCL as the EPC results in an overestimation of risk 

estimates. 

Frequency of Detection and Spatial Distribution 

Benzo(a)pyrene equivalents were detected in seven of 29 surface soil samples collected at 

SWMU 177/RTC. In only three of these seven samples (177SB010, 177SB012, and RTCSBOlO) 

benzo(a)pyrene equivalents exceeded their residential RBC. 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Of the CPSSs screened and eliminated from formal assessment, none was reported at a 

concentration within approximately 10% of the RBC. This minimizes the likelihood of potentially 

significant cumulative risWhazard based on the eliminated CPSSs. Concentrations of arsenic 

exceeded its RBC, but not its reference concentrations. Therefore, arsenic was eliminated from 

formal assessment based on comparisons to reference concentrations. 

Although the future land use at this site is unknown, both the future worker and residential 

exposure scenarios were assessed in this HHRA. As previously discussed, these scenarios would 

likely lead to overestimates of risk and/or hazard. 
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10.12.6.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 1771RTC were assessed for the hypothetical 

future site worker and the hypothetical future site resident under reasonable maximum exposure 

assumptions, In surface soils, the incidental ingestion and dermal contact pathways were assessed 

in this HHRA. Table 10.12.21 summarizes risk for each pathwaylreceptor group evaluated for 

SWMU 1771RTC. 

Soil - Residential Scenario 

Benzo(a)pyrene equivalents were identified as residential soil pathway COCs for 

SWMU 177iRTC. Figure 10.12.7 provides the risk map for SWMU 177lRTC soil under a 

residential scenario. As shown, only four sample locations were assockted with a risk estimate 

above 1E-06 (177SBO10, 177SB012, 177SB018, and RTCSBO10). Table 10.12.22 provides the 

point risk and hazard estimates for SWMU 177/RTC residential soil pathways. 

Soil - Future Site Worker Scenario 

Benzo(a)pyrene equivalents were identified as future site worker soil pathway COCs for 

SWMU 177iRTC. Figure 10.12.8 provides the risk map for SWMU 177iRTC soil under a future 

site worker scenario. As shown only one sample location was associated with a risk estimate 

above 1E-06 (177SB010). Table 10.12.23 provides the point risk and hazard estimates for the 

future site worker soil pathways. 

Groundwater 

No COCs were identified for groundwater based on the screening criteria provided in Section 7. 

10.12.6.8 Remedial Goal Options 

Table 10.12.24 provides the RGOs for the COCs identified for combined SWMU 177 soil. 
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: 1 E-6 to 5E-6 
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SURFACE: SOIL POINT RISK 
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rable 10.12.12 

Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 177lRTCenter - Zone I 
Charleston Naval Complex 
Charleston. South Carolina 

S WMU Location Parameter Concentration Units Hazard Index Risk (E-06) 

177 BOO1 No COPCs NA NA 

177 BOO2 NoCOPCs NA NA 

177 8003 NoCOPCs NA NA 

177 BOO4 No COPCs NA NA 

177 BOOS NoCOPCs 

177 BOO6 NoCOPCs 

177 BOO7 NoCOPCs 

177 BOO8 No COPCs 

177 BOO9 NoCOPCs NA NA 

177 301 0 Benzo(a)pyrene equivalents 

177 Bol l  No COPCs 

177 B0 12 Benzo(a)pyrene equivalents 

177 8 0  13 Benzo(a)pyrene equivalents 

177 I30 14 Benzo(a)pyrene equivalents 

177 B015 No COPCs 

177 B0 16 Benzo(a)pyrene equivalents 

177 B018 No COPCs 

177 B018 Benzo(a)pyrene equivalents 

RTC BOO1 No COPCs 

RTC 8002 No COPCs 

RTC 8003 NoCOPCs 

RTC 6004 NoCOPCs N A NA 

RTC 8005 No COPCs 

RTC BOO6 NoCOPCs 



Table 10.12.22 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU I77JRTCenter - Zone I 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Parameter Concentration Units Hazard index Risk (E-06) 

RTC BOO7 No COPCs 

RTC BOOS No COPCs 

RTC 8009 No COPCs 

RTC BO 10 Benzo(a)pyrene equivalents 



1 7 7 ~ ~ 0 1 7 ~  ~177SBO11 
177SB006 RTCSB008 

177SB016 ,, ri .177SB004 
1 7 7 ~ ~ 0 1 0 '  /' I 177SB008 

RTCSBOO~ / I  

177SB009~ ( RTCSBOO9 
177SB00 j 

I RTCSBOIO 
177SB002 

RTCSBOOG 

ZONE I - RCRA 
FACILITY INVESTIGATION 

l NOCOPCs NAVAL BASE CHARLESTON 

< 1 E-6 CHARLESTON, SC 

: 1 E-6 to 5E-6 

5E-6 to 1 E-5 
FIGURE 10.12.8 

ZONE l 
IE-5 to IE-4 swnnu 177 & RTC 

> 1 E-4 
SURFACE: SOIL POINT RISK 

INDUSTRIAL SCENARIO 



Table 10.12.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Site Worker Scenario 
SWMU 177lRTC 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Parameter Concentration Units Hazard Index Risk (E-06) 

177 BOO1 NoCOPCs NA NA 

177 8002 No COPCs 

177 8003 No COPCs 

177 8004 NoCOPCs 

177 8005 NoCOPCs 

177 8006 NoCOPCs 

177 8007 No COPCs 

177 8008 No COPCs 

177 6009 No COPCs 

177 8010 Benzo(a)pyrene equivalents 1274 pglkg 

177 8011 No COPCs 

177 8012 Benzo(a)pyrene equivalents 

177 001 3 Benzo(a)pyrene equivalents 

177 801 4 Benzo(a)pyrene equivalents 

177 €3015 No COPCs 

177 B016 Benzo(a)pyrene equivalents 

177 6018 No COPCs 

177 BO t 8 Benro(a)pyrene equivalents 64.93 pglkg 

RTC BOOl NoCOPCs 

RTC 8002 NoCOPCs 

RTC 8003 NoCOPCs 

RTC 8004 No COPCs 

RTC BOO5 No COPCs IVA NA 

RTC BOO6 No COPCs 



Table 10.12.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Site Worker Scenario 
SWMU 177lRTC 
Charleston Naval Complex 
Charleston, South Carolina 

SWMU Location Parameter Concentration Units Hazard Index Risk (E-06) 

RTC 8007 No COPCs NA NA 

RTC 8008 No COPCs NA NA 

RTC BOO9 NoCOPCs NA NA 

RTC 6010 Benzo(a)pyrene equivalents 182.26 vglkg NA 0.61 



Zone I RCRA Faciliry Investigation Repon 
Charleston Naval Compler 

Section 10 - Site-Spec$c Evaluations 

10.12.7 Corrective Measures Considerations 

Based on the analytical results and the human health risk assessment for SWMU 177/RTC, COCs 

requiring further evaluation through the CMS process have been identified for surface soil and 

groundwater. The site is currently in a moderately developed urban setting and risk to human 

health was evaIuated under both the future residential and industrial (site worker) scenarios. For 

these scenarios, the incidental ingestion and dermal contact exposure pathways were evaluated. 

Hazard was evaluated for noncarcinogenic contaminants through incidental ingestion and dermal 

contact scenarios as well. 

As recommended by SCDWEC, a COC is considered to be any che:mical contributing to a 

cumulative risk level of IE-06 or greater and/or a cumulative hazard index above 1.0, if its 

individual risk exceeds lE-06 or its hazard quotient exceeds 0.1. 

BEQ was identified as a soil pathway COC for SWMU 177fRTC. No CC)PCs were identified for 

groundwater at SWMU 177/RTC based on the screening criteria. Table 10.12.25 presents 

cumulative and COC-specific exposure risks and hazard quotients. 

Risk-based remedial goals for surface soil and groundwater are presented in Table 10.12.24. 

Potential corrective measures for soil are presented in Table 10.12.26. 
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Table 10.12.25 
SWMU 177IRTC 

Cumuhtive and ChemicaISpecific Exposure Risk nnd Hazard 

Risk Hazard 

C hunid f ndustrinl Residential InduslriPI Residential 

- -- 

BEQs 2.9E-6 1.4E-5 NR ND 

Note: 
ND = Not Detected 

Table 10.12.26 
SWMV 177/RTC 

Potential Corrective Measures 

Medium Compounds Potential Comctlve Measures 

Soil BEQs a) No action 
b) Excavaa, offrite dispDstl, erd monitruring 
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f 0.13 Dredged Materials Area 

The Dredged Materials Area (DMA) encompasses approximately 68 acrt:s at the southern end of 

the Charleston Naval Complex. The area, which is confined by a dike, has received materials 

from dredging operations in both the Cooper River and Shipyard Creek since the 1940s. Several 

dike relocation projects sponsored by the U.S. Army Corps of Engineers have been completed in 

the area and are documented in the Charleston Division office. Two sl~illways in the southern 

portion of the diked area allow deposited sediments to de-water. The southernmost spillway 

ultimately discharges to the Cooper River and the western spillway discharges directly to Shipyard 

Creek. The DMA is bounded on the southwest by West Road and Shipyard Creek and on the east 

by Juneau Avenue and the Cooper River. 

To fulfill the CSI objectives and confirm the presence of any contamination from onsite activities, 

soil, sediment, surface water, and groundwater were sampled in accorclance with the approved 

final RFI work plan and Section 3 of this report. 

10.13.1 Soil Sampling and Analysis 

Soil was sampled in one round at the DMA at locations shown on Figure 10.13.1. The Final 

Zone I RFI Work Plan (EIA&H, February 1995) proposed collecting five soil samples from the 

upper-interval and five from the lower-interval. Instead, only two were collected from the 

lower-interval, because water table is less than 5 feet bgs; saturated sarrrples were not submitted 

for analysis. Soil samples were submitted for analysis at DQO Level IT1 for the Standard Suite 

(VOCs, SVOCs, metals, cyanide, pesticides, PCBs), and organotins. Two samples were 

duplicated and submitted for Appendix IX analysis at DQO Level IV. Table 10.13.1 summarizes 

the soil sampling at DMA. 
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10.13.2 Nature and Extent of Organics and Inorganics in Soil 

Organic compound analytical data for soil are summarized in Table 10.13.2. Inorganic analytical 

data for soil are presented in Table 10.13.3. Table 10.13.4 summarizes analytes detected in 

surface and subsurface soil at the DMA. Appendix D is a complete analytical data report for all 

samples collected in Zone I. 

Volatile Organic Compounds in Soil 

Acetone, toluene, and tetrachloroethene were detected in surface soil at the DMA. None of these 

detections exceeded its RBC. Toluene was also detected in the subsurface soil (3 pglkg to 

19 pglkg), far below the SSL. 

Semivolatile Organic Compounds in Soil 

Five SVOCs were detected in surface soil at the DMA with none exceeding its RBC. No SVOCs 

were detected in subsurface soil. 

In accordance with recent cPAH guidance (USEPA Interim Supplemenfa1 Guidance to RAGS: 

Region IV Bulletins, Human Health Risk Assessment, Bulletin No. 2 [USEPA 1995~1) and 

Section 7 of this report, BEQs were calculated for cPAHs at the DMA. BEQs were calculated for 

surface soil. samples at concentrations ranging from 6.43 pg/kg to 26.6 pg/kg, well below the 

RBC. No BEQs were calculated for the subsurface soil samples. 

Pesticides and PCBs in Soil 

Six pesticides were detected in surface soil at the DMA, none exceeded its RBC. 

Aroclor-I260 was detected in one sample, DMASB00101, at 60 pglkg, which is below the 

residential RBC. 
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Table 10.13.1 
DMA 

Soil Sampling Summary 

Spmpbing Sampling Samples Sample 
Round Date CoUected A n n l ~  Comments 

t o w e r  - 2 (5) Standard Suite. Orgamdns Thrrs lower samples wen 
not mltecbDd due to water 
tabla less than 5 feet. 

Duplicates - 2 

A'oles: 
( 1 = Parentheses indicate number of samples proposed. 
Standard Suite = VOCs. SVOCs, metals, cyanide. pesticides, and PCBs were analyzed at DQO Level IiI. 
Physical parameters analysis included CEC. chloride, sulfur, ammonia, nitrateinitrite. phosphorus. TOC, a ~ d  total moisrure. 

Table 10.13.2 
DMA 

Orgnnic Compound Analytical Results for Sail (Ccglkg) 

Number of 
Samples 

Sample Detection RBC (upper) Excctciurg RBC 
Parameters Intend Frequency Detection Rnuge Meon !3% (lower) or SSL 

Volatile Organic Compounds 

Acetone upper 115 5 N A 780,000 0 
Lower 0/2 ND N A 8.000 0 

Toluene Upper 315 2.0 - 3.0 2.67 1.600.000 0 
Lower 212 2.5 - 19.0 10.7 6,000 0 

Tetrachlomthtnc UPW~ 115 1 1 12.000 0 
Lower 012 ND N A 30 0 

Semivolatile Organic Compounds 

BEQs U P P ~  315 6.43 - 26.6 13.3 87 0 
Lower 012 ND ND I ,600 0 

Benzo(b)fluornnthene u ~ r  315 58.0 - 61.0 59.7 870 0 
Lower 012 ND ND 2.500 0 

Be~o(a)pyrene U P P ~  1/5 20.0 20.0 87 o 
Lower 012 ND ND 4.000 0 

Benzo( k)fluoranthene U W ~  3/5 60.0 - 66.0 63.0 8.700 0 
Lower 012 ND ND 25,000 0 

Di-n-butylphthalate Upper 315 5 1 .O - 56.0 54.0 780,000 0 
tower 012 ND ND 2.300.@4)0 0 
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Table 10.13.2 
DMA 

Organic Compound Analytical Results for Soil @g/kg) 

Number of 
Samples 

Ssmple Detection R8C (upper) Exceeding RBC 
Parameters Interval Fr eq utnc Y Detection Ran g e Mcnn SSL (lower) or SSL 

bis(2- U W ~  315 80.0 - 330.0 187 46,000 0 
Ethylhexy l)phthakte Lower Of2 ND ND 1.800,000 0 
tBEHP) 

Pesticides and PCBs 

Disulfoton 

Upper 1 15 60 60 320 0 
Lower 012 ND ND I .m 0 

Upper 115 3.4 3.4 3 10 0 
Lower 012 ND ND 

Endrin aldehyde U P F ~  1 I5 3.0 3 .O 2.300 0 
Lower 012 ND ND 340 0 

Upper 415 1.9 - 3.8 2.55 350 0 
Lower 012 ND ND 1.3 0 

Upper 115 24.0 24.0 350 0 
Lower 012 ND ND 1.8 0 

Endosulfan Sulfate Upper 1 I5 6.30 6.30 47,000 0 
Lower 012 ND ND 4,600 0 

U P P ~  115 7.10 7.10 2.700 0 
Lower Of2 ND ND 8,000 0 

Dioxins 

w(? Upper 212 2.8684 - 4.98Ed 3.92E-4 4.38-3 0 
Lower 010 ND ND 1.6 0 

1234678-HgDD Upper 212 1.25E-2 - 2.348-2 1.798-2 0.43 0 
Lower 010 ND ND 108 0 

1234678-HpCDF Upper U2 1.93E-3 - 50E-3 3.478-3 0.43 0 
Lower 010 ND ND 54 0 

OCDD Upper 2/2 1.38E-1 - 2.04E-1 1.71E-1 4.3 0 
Lower 010 ND ND 1.080 0 

OCDF upper 2J2 3.9753 - 9.72E-3 6.84E-3 4.3 0 
Lower 010 ND ND 540 0 

Notes: 
NA = Not ApplicabletNot AvailabIelNot Analyzed 
ND = Not DetectcdfNot Determined 
NL = Not Listed 
pglkg = Micrograms per kilogram 
See Table 5.5 for o r g a ~ c  compound SCI 'C~NI I~  concentrations and (heir sources. 
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Other Organic Compounds in Soil 

Dioxins were detected in both duplicate samples collected at the DMA. In accordance with recent 

dioxin guidance (USEPA Interim Supplemental Guidance to RAGS: Region IV Bulletins Human 

Health Risk Assessment, Bulletin No. 2 [USEPA 1995c]), and Section 7 of this report, TEQs were 

calculated. The calculated TEQs for the surface soil samples were 2.86E-4 pglkg and 

4.98E-4 pglkg, well below the RBC. No subsurface soil samples were collected for dioxins. 

Inorganics in Soil 

Twenty-one metals were detected in surface soil at the DMA. Aluminum was detected in one 

surface soil sample (DMASB00101) at 39,400 mglkg, which exceeds both the RBC and 

background levels. Chromium concentrations in samples DMASBOOl 01 (69.0 mglkg), 

DMASB00201(41.1 mgikg), and DMASB00401(52.5 mglkg) exceeded both the background and 

RBC. No other inorganic exceedances were observed in the surface soil samples. 

Similar inorganics were detected in subsurface soils, along with hexavalent chromium and tin. 

Arsenic (21.3 mg/kg), chromium (57.6 mgikg), and manganese (815 mg,'kg) exceeded both their 

background and SSL values. These exceedances were detected in boring DMASB002. 

10.13.3 Sediment Sampling and Analysis 

Sediment was sampled in one round in accordance with final Zone I RFI \work plan. As proposed 

in the work plan, nine sediment samples were collected from the locations shown on 

Figure 10.13.1. Some sampling locations were changed from the work plan because the proposed 

locations were in accessible. Samples were submitted for analysis at DQO Level I11 for standard 

suite (VOCs, SVOCs, metals, cyanide, pesticides, PCBs), organotins, TOC, and grain size. One 

sampIe (DMAM00201) was duplicated and submitted for the standard suite, TOC, grain size and 

organotins. Table 10.13.5 summarizes the sediment sampling and analysis at the DMA. 
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Table 10.13.5 
DMA 

Soil Sampling Summary 

Sampling Sampling 
Round Date Samples Collected Sample Analyses Comments 

I 03130195 9 (9) Standard Suite. TOC, Grain 
04/04/95 Size, Organotins 
04/05/95 

Duplicate - 1 Standard Suite, TOC. Grain 
Size, Organotins 

Notes: 
= Parentheses indicate number of samples proposed. 

Standard sulre = VOCs. SVOCs. metals. cyanide. pest~cides, and PCBs at DQO Level 111. 

10.13.4 Nature and Extent of Contamination in Sediment 1 

Organic analytical results are summarized in Table 10.13.6. Inorganic analytical results are 2 

summarized in Table 10.13 - 7 .  Table 10.13.4 summarizes analtyes detected in sediments at the 3 

DMA. Appendix D is a complete analytical data report for all samples collected in Zone I, 4 

including the DMA. Appendix B is a complete geotechnical report for grain size analyses. 5 

Table 10.13.6 
DMA 

Organic Compound Analytical Results for Sediment (pgikg) 

Parameter Frequency of Detections Range of Detections Mean 

Volatile Organic Compounds 

Acetone 319 28.0 - 46.0 37.3 

Semivolatile Organic Compounds 

BEQ 319 21.3 - 29.8 26.7 

Benzo(b)fluoranthene 

Bemo(k)fluoranlhenc 

Chrysene 

Fluoraruhene 

Pvrene 
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Table 10.13.6 
DMA 

Organic Compound Analytical Results for Sediment hg/kg) 

Parameter Frequency of Detections Range of Detections Mean 

Pesticides and PCBs 

4,4'-DDD 1 I9 3 1 31 

Eodrin aldehyde 119 67 67 

Monobutyltin 119 4.5 4.5 

Tettabutylrin 219 49.8 - 87.0 68.4 

Note: 
&kg = microgram per k~logram 

Table 10.13.7 
DMA 

Inorganic Analytical Results for Sediment (mgtkg) 

Parameter Frequencv of Detections Range of Detections hlean 

Inorganics 

Aluminum (Al) 919 6,010 - 39.500 26,612 

Arsenic (Ar) 919 3.0 - 16.7 12.74 

Barium (Ba) 919 12.7 - 45.5 33.6 

Beryllium (Be) 919 0 .33  - 1.4 1 .O 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 919 23.1 - 84.7 57.7 

Cobalt (Co) 919 2.1 - 10.5 7.37 

Coppr (Cu) 919 6.3 - 54.1 31.84 

Lead (Pb) 919 7.0 - 38.8 25.99 
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Table 10.13.7 
DMA 

Inorganic Analytical Results lor Sediment (mglkg) 

Parameter Frequency of Detection9 Range of Detections Menu 

Manganese (Mn) 919 66.5 - 610 490 

Nickel (Ni) 919 7.5 - 22.3 15.5 

Potassium (K) 

Selenium (Se) 

Sodium (Na) 919 2.720 - 14.200 7,867 

Vanadium ( V )  9/9 14.3 - 73.5 50.5 

Zinc (Zn) 

TOC 919 6.770 - 15.200 10.457 

Note: 
mglkg = milligram per kilogram 
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Volatile Organic Compounds in Sediment 

Acetone was the only VOC detected in sediment samples from the DhlA. It was detected in 

samples DMAM00401 (46 pglkg), DMAM00601 (38 yglkg), and DMAM00901 (28 &kg). 

Semivolatile Organic Compounds in Sediment 

Several PABs, including benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

chrysene, fluoranthene, and pyrene were detected in DMA sediments. Pyrene was detected in one 

sample (DMAMW01) at a concentration of 340 pglkg. 

BEQs were calculated for three of the nine sediment samples collected. The caIculated BEQs 

ranged from 21.3 pg/kg to 29.8 yg/kg. 

Pesticides and PCBs in Sediment 

Three pesticides were detected in DMA sediment samples. 4,4'-DDD and 4.4'-DDE were 

detected in sample DMAM00801 at concentrations of 31.0 and 34.0 pgikg respectively. 

Other Organic Compounds in Sediment 

Several organotins were detected in DMA sediment samples. Tributylin was detected in seven of 

nine samples at concentrations ranging from 12.2 yglkg to 71.4 pglkg. 

Inorganics in Sediment 16 

Eighteen metals were detected in DMA sediments. Except for cadmium, metals were detected in 17 

all nine sample locations. 18 

10.13.5 Surface Water Sampling and Analysis 19 

Surface water was sampled in accordance with the final work plan and Section 3 of this report. 20 

As proposed in the work plan, five surface water samples were collected from the locations shown 21 



Zone I RCRA Faciliry Investigation Repon 
Charleston Naval Complex 
Secrion 10 - Sire-Specific Erlaluarionr 
Revision: 0 

on Figure 10.13.1. SarnpIe locations varied from the proposed locations due to inaccessibility. I 

Field parameters (i.e., pH, conductivity, turbidity, and temperature) were not measured because 2 

the surface water was less than 3 feet deep. Samples were collected for VOC, SVOC, metal, 3 

cyanide, pesticide, PCB, and organotin analysis. Table 10.13.8 summarizes the surface water 4 

sampling and analysis at the DMA. 5 

Table 10.13.8 
DMA 

Surface Water Sampling Summary 

Sampling Sampiing Samples Sample 
Round Date Collected Analyses Comments 

I 04/04/95 5 ( 5 )  Standard suite, organotins 

Duplicate - l Standard suite. organotins 

tVater: 
( ) = Parentheses indicate number of samples proposed. 
Standard Suite = VOCs, SVOCs. metals. cyarude, pest~c~des. and PCBs at DQO Level 111.. 

10.13.6 Nature and Extent of Contamination in Surface Water I 

Organic compound analytical results for surface water are summarized in Table 10.13.9. 2 

Inorganic analytical results are summarized in Table 10.13.10. Table 10.13.1 1 summarizes 3 

analytes detected in surface water at the DMA. Appendix D is a complete analytical report for 4 

all samples collected in Zone I. 5 

Table 10.13.9 
DMA 

Organic Analytical Results for Surface Water @g/L) 

Parameter Frequencv of Delections Range of Detections hlean 

Volatile Organic Compounds 

Acetone 215 6.0 - 12.0 9 
- -- 

Semivolatile Organic Compounds 

Phenol 115 19.5 19.5 

Note: 
4glL = rn~crograrn per liter 
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Table 10.13.10 
DMA 

Inorganic Analytical Results for Surface Water bg/L) 

Parameter Frequency of Detections Range of Detections Mean 

Arsenic (As) 115 26.3 26.3 

Barium (Ba) 515 25.8 - 53.1 43.8 

Cadmium (Cd) 115 0.905 0.905 

Calcium (Ca) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Iron (Fe) 

Lead (Pb) 

Magnesium (Mg) 

Manganese (Mn) 

Nickel (Ni) 

Potassium (K) 

Selenium (Se)  

Sodium (Na) 

Vanadium (V) 

Zinc (Zn) 515 27.8 - %.7 55.8 

Note: 
!'g/L = microgram per liter 
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Volatile Organic Compounds in Surface Water 

Acetone was detected in two surface water samples at a range of 6.0 pg/L to 12.00 pglkg. No 

other VOCs were detected in surface waters at the DMA. 

Semivolatile Organic Compounds in Surface Water 

Phenol was detected in surface water at 17.0 pgIL. No other SVOCs were detected in the surface 

waters at the DMA. 

Pesticides and PCBs in Surface Water 

No pesticides or PCBs were detected in surface water. 

Inorganics in Surface Water 

Eighteen metals were detected in surface water samples from the DMA. 

10.13.7 Groundwater Sampling and Analysis 

No wells were specifically installed to characterize groundwater at the DMA. The final RFI work 

plan proposed eight grid-based well pairs (GDI0011lD through GDI00818D) to be installed along 

the eastern and western boundaries of the DMA to characterize the zone perimeter groundwater. 

Four rounds of samples were collected from wells GDIOOlIlD through GDI00616D and six rounds 

were collected from wells GDI007f7D and GDIOO818D and analyzed for VOCs, SVOC, metals, 

cyanide, pesticides, PCBs, chloride, sulfate, and TDS at DQO Level 111. These wells were also 

sampled for dioxins. Results of these analyses are discussed in the following nature and extent 

section and are presented in Appendix D. 

10.13.8 Nature and Extent of Organic Compounds and Inorganics in Groundwater 20 

The shallow grid-based monitoring wells were installed from 12.5 feet bgs to 12.4 feet bgs in the 21 

upper sand layer of the Wando Formation. The deep grid-based wells were installed from 22 
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43.9 feet bgs to 68.5 feet bgs. The grid well locations are noted on Figure 10.13.1. All wells I 

were installed in accordance with Section 3 of this report. 2 

The complete analytical data reports for all grid-based samples collected at Zone I are presented 3 

in Appendix D. 4 

Volatile Organic Compounds in Groundwater 

Six VOCs were detected in the shallow groundwater samples from the grid-based wells at DMA. 

Only one VOC - 1,1,2,2-tetrachloroethane - exceeded the tap-water RBC:. This detection was in 

well GDI007, in the fourth sample round, at 1.0 pglL. 

Acetone, carbon disulfide, and xy1ene (total) were also detected in deep well samples. All 

detections were below their RBCs and/or MCLs. 

Semivolatile Organic Compounds in Groundwater 

Five SVOCs were detected in the shallow grid wells at the DMA: acenaphthene, acetophenone, 

benzoic acid, bis(2-ethylhexyi)phthalate, di-n-butylphthalate, and Buorene. Acetophenone was 

detected once in we11 GDI003 in the first-round at 1.0 pgL, which exceeds the RBC. 

Bis(2-ethy1hexyl)phthalate was detected GDIOO1, first-round, and GDI007, third round, at 15 pg1L 

and 11 pg1L. Both detections exceeded the RBC. No other SVOCs wert: detected in the shallow 

groundwater at the DMA. 

Four SVOCs were detected in the deep well samples. Bis(2-ethy 1hexyl)phrhalate exceeded its RBC 

and/or MCL in GDIOSD, in the second-round, at 380 pg/L. None of the other SVOCs detected 

exceeded their RBCs andlor MCLs. 
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PesticidesiPCBs in Groundwater 1 

Beta-BHC was detected in one shallow well sample at GDI008 in the first-round. The detection 2 

(0.022 pg/L) was below the RBC. No other pesticides were detected in the shallow groundwater 3 

from these grid-based wells. P 

Beta-BHC was also detected in a deep well sample in GDI06D in the first-round at 0.052 pglL. 5 

Aroclor-1260 was detected in one deep well sample in GDIOlD in the second-round, at 1 pglL. 6 

This detection exceeds the RBC, No other pesticides or PCBs were detected in the deep 7 

groundwater from these grid-based wells. 8 

Other Organic Compounds in Groundwater 9 

Dioxins were detected in five of the shallow grid-based monitoring wells during the four rounds lo 

of sampling. In accordance with recent dioxin guidance (USEPA 1995~)  and Section 7 of this 1 1  

report, TEQs were calculated ranging from 8.9E-9 pg/L to 3.41E-6 pg/L, concentrations well 12 

below the tap-water RBC of 4.5E-4 pg/L. 13 

Dioxins were also detected in five of the deep grid-based monitoring wells. TEQs were calculated 14 

ranging from 1.67F-8 pg/l to 1.67E-6 pgll, well below the RBC. 15 

Inorganic Elements in Groundwater 

Twenry metals were detected in shallow grid-based groundwater samples over the sampling 

rounds. Seven of the 20 exceeded their screening levels. Antimony exceeded its RBC (1.5 pg/L) 

during the third round of sampling in well GDIOO2 at 3.1 pg/L, in well GDI003 at 3.1 pg/L, in 

well GDIOO6 at 3.1 ,ug/L, and in well GD1008 at 5.6 pg/L. Antimony was also detected in 

GDI006 in the fourth-round at 8. 4 pg/L. Cadmium exceeded its RBC (1.8 ,ug/L) during the 

second-round in well GDI007 (2.3 pglL).  Chromium exceeded its RBC (18 pglL) in the third 

round in well GDIOOS at 23.8 pg/L and in the sixth round in well GDI008 at 22.7 pg/L. Lead 
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marginally exceeded its RBC (15 pglL) during the first-round in well GI11002 at 15.6 pg/L and 

during the second-round in well GDI007 at 15.7 pg/L. Mercury equaled its RBC (1.1 pg/L) in 

one sample on the first-round in well GDI002. This was the only detection of mercury in the 

shallow grid-based wells at the DMA. Selenium exceeded its RBC (18 pg/L) during the sixth 

round in well GD'f007 at 26.7 pg/L. This was the only detection of selenium in the shallow 

grid-based wells at the DMA. Thallium exceeded its RBC (0.26 kg/L) during the second-round 

of sampling in well GDI002 at 6.6 pg/L and in the third round of sampling in well GDIOOl at 

5.5 pg/L, well GDI002 at 3.5 ,ug/L, well GDI003 at 2.8 pg/L, and well GDIOOS at 3.0 pg/L. 

Thallium was not detected in any other rounds or wells. 

Seventeen metals were detected in the deep grid-based well samples ai. the DMA. Antimony 

exceeded its MCL (6 fig/L) in the third round in well GDI03D at 6.1 kgiL and in the fifth round 

in well GDI07D at 9.2 pg/L. Manganese equaled or exceeded its MCL (261 pglL) in the first- 

round in well GDI06D at 302 wg/L, in the second-round in well GDI03D at 261 pglL, and in the 

fourth-round in well GDI02D at 261 pglL. Nickel exceeded it MCL (100 pg/L) in the first-round 

in well GDIOSD at 454 pg/L. Thallium exceeded its MCL (2 pglL) in the second-round in well 

GDIOlD at 5.1 pg/L, in well GDIOSD at 5.5 pg/L, in well GDI07D at 5.6 pg/L, and in well 

GDIO8D at 5.5 pg/L. Thallium was also detected in the third round in well GDI02D at 4.2 pglL. 

10.13.9 Fate and Transport Assessment 18 

The DMA encompasses approximately 68 acres at the southern end of the complex. The area, 19 

which is confined by a dike, has received materials from dredging operaiions in both the Cooper 20 

River and Shipyard Creek since the 1940s. Several dike relocation projects sponsored by the U.S. 21 

Army Corps of Engineers have been completed the area and are documented in files in the 22 

Charleston Division office. Two spillways in the southern portion of the diked area allow 23 

deposited sediments to de-water. Environmental media sampled as part of this investigation 24 

include surface and subsurface soil, sediment, and surface water. Potential constituent migration 2s 
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pathways evaluated for DMA include soil-to-groundwater, soil-to-sediment, and emission of 

volatiles from surface soil-to-air (groundwater was not sampled; direct exposure to surface water 

results are considered in the ecological risk assessment). 

10.13.9.1 Soil-to-Groundwater Cross-Media Transport 

Tables 10.13.12 and 10.13.13 compare maximum detected organic and inorganic concentrations 

in surface soil and subsurface soil samples to risk-based soil screening levels considered protective 

of groundwater. Maximum concentrations in soil are compared to leachability-based generic 

SSLs. Soil background values for Zone I inorganics were determined, but at the request of 

SCDHEC, they were not considered during initial comparisons of maximum soil concentrations 

to SSLs, To provide a conservative screen, generic SSLs are used; leachate entering the aquifer 

is assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Two organic constituents - beta-BHC and delta-BHC - exceeded SSLs in site soil. Beta-BHC 

exceeded the SSL in four of five surface soil samples, but was nondetect in subsurface soil. Only 

two locations were sampled for subsurface soil due to a high water table; thus, two locations with 

surface soil exceedances were close to groundwater. Figure 10.13.2 presents beta-BHC 

concentrations detected at the DMA. Delta-BHC exceeded the SSL in only one of five surface soil 

samples; it was nondetect in subsurface soil. Figure 10.13.3 presents delta-BHC concentrations 

detected at the DMA. The presence of both of these constituents is not unexpected at this site, 

because pesticide application is likely to have been a routine practice due to the standing water. 

Further, these constituents could have been aerially deposited from an upwind application. 

Although they are nondetect in subsurface soil, several locations were not sampled; thus, the 

pathway is valid for these parameters. 
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Three inorganic parameters - arsenic, chromium and manganese - exceeded their SSLs in soil. 

Arsenic was below its SSL in surface soil, but exceeded its SSL in one subsurface sample. 

Figure 10.13.4 presents arsenic concentrations detected at the DMA. This exceedance was slight, 

suggesting that the pathway may not be significant for this parameter. Chromium was detected 

in all samples, and exceeded the SSL in three of five surface samples and both subsurface samples. 

Figure 10.13.5 presents chromium concentrations detected at the DMA. Like chromium, 

manganese was detected in all samples, but exceeded the SSL and zone-specific background in 

only one surface and one subsurface soil sample. Figure 10.13.6 presents manganese 

concentrations detected at the DMA. Both constituents are commonly detected in zone soil at 

similar concentrations, thus the site is not likely their source. Because no past site activities are 

expected to have created a metals enrichment, it is more likely that they are naturally occurring. 

The concentrations higher than background can be justified because this media was directly 

exposed to seawater in the past, which may have caused some secondary enrichment. At any rate, 

the soil-to-groundwater pathway is valid. 

10.13.9.2 Soil-to-Sediment Cross-Media Transport 

There were notable differences in the constituents detected in soil and the sediment samples. 

Several organics present in soil were absent in sediment, and the reverse is true, as well. 

Additionally, several inorganic parameters were present in sediment at 1eveIs higher than those 

in soil. These data suggest that the sediment is from a different source or was subjected to a 

different chemical environment (e. g . , subaqueous exposure). 

10.13.9.3 Soil-to-Air Transport 

No VOCs were detected in surface soil above appropriate volatilization SSLs at this site; thus, this 

pathway is considered invalid. 
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10.13.9.4 DMA Fate and Transport Summary 

Soil-to-Groundwater Pathway 

Organics 

Two organic parameters - beta-BHC and delta-BHC - exceeded their SSLs in soil. 

Beta BHC exceeded its SSL in four of five surface samples, but was nondetect in 

subsurface samples. Delta BHC exceeded its SSL in only one of five surface samples, and 

was nondetect in subsurface samples. 

Several surface locations that exhibited exceedances were not sampled in the subsurface 

due to a high water table; thus, the pathway is considered valid for these pesticides. 

Inorganics 

Three inorganic parameters - arsenic, chromium and manganese - exceeded their SSLs. 

Arsenic exceeded its SSL in only one subsurface sample. Soil-to-groundwater pathway is 

considered valid, although it is unlikely to be significant due to the low concentration in 

soil. 

1 Chromium was detected in all samples, and exceeded the SSL in three of five surface 

samples and both subsurface samples. 

Manganese was also present in all samples, but exceeded the SSL and background in only 

one surface and one subsurface sample. 

1 These constituents are common in Zone I soils, and their presence and distribution on this 

site do not indicate the past site activities as their source, and it is likely that they are 

present naturally. However, the pathway is considered valid. 
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Soil-to-Sediment Pathway 

Constituents in site soil were notably different from those in sediment. Several were specific to 

one media, and some inorganics were higher in sediment than soil. These data suggest that the 

sediment is from another source, or has been subjected to a different chemical environment. 

Soil-to-Air Pafhway 

N o  VOCs exceeded volatilization screening values; thus, the pathway is considered invalid for this 

AOC . 

10.13.10 Human Health Risk Assessment 

10.13.10.1 Site Background and Investigative Approach 

The Dredge Materials Area was investigated to assess soil, surface water and sediment quality at 

this Clean Water Act Section 404 permitted dredge spoil disposal area. The dredged materials 

disposed of at the DMA are produced during periodic channel clearing operations in Cooper River 

and Shipyard Creek. In the Zone I work plan, the DMA was not specifically identified as a 

SWMU or AOC. 

Five soil samples were collected from the upper-interval, five surface water samples were 

collected from areas standing water was standing, and nine sediment saml~les were collected from 

the DMA. Sections 10.13.1, 10.13.3, and 10.13.5 provided informatior1 regarding the scope of 

the sampling activities conducted for the DMA. No groundwater was sampled in conjunction with 

the DMA investigation. 

10.13.10.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.13.14, aluminum and chromium were identified as soil COPCs for the DMA. 
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Sediment 

Based on the screening comparisons presented in Table 10.13.15, alurnirlum and chromium were 

also identified as sediment COPCs for the DMA. Sediment analytical r1:sults were compared to 

residential soil RBCs and soil reference concentrations. 

Surface Water 

Surface water results were preliminarily screened using ambient water quality criteria (AWQC) 

for the protection of human health as provided in the Water ClassGications and Standards 

(Regulation 61-68) (SCDHEC, 1992). As shown in Table 10.13.16, arsenic exceeded its AWQC 

in the only surface water sample in which it was detected. No reference surface water 

concentrations have been derived for Zone I or other areas along the southern tip of the base. 

Arsenic concentrations were not elevated significantly higher than could t ~ e  expected in unaffected 

natural surface water. Soil and sediment results for the DMA do not indicate a non-natural source 

for arsenic. Furthermore, the AWQCs against which the surface water data were screened assume 

recreational and potable water uses. These uses are not anticipated for the surface water that 

collects inside the DMA. Based on these factors, no formal quantitat-ive risk assessment was 

warranted relative to DMA surface water. 

10.13.10.3 Exposure Assessment 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, hypothetical future site 

residents, and adolescent trespassers. Future site resident and worker exposure scenarios were 
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addressed quantitatively in this risk assessment. Current exposure to workers is discussed 

quantitatively in relation to the future workers and future residents. The hypothetical future site 

worker scenario assumed continuous exposure to surface soil conditions. Current site workers' 

exposure would be less than that assumed for the hypothetical future site worker scenario because 

of their limited soil contact. Therefore, future worker assessment is considered to be 

conservatively representative of current site workers. The resident child scenario was considered 

to be conservatively representative of the adolescent trespasser. The future site resident scenario 

was built on the premise that existing features would be removed and replaced with dwellings. 

All receptors were assumed to be exposed to sediment through the same pathways as soil. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal. contact and incidental 

ingestion of surface soils. The exposure pathways for future site workers are the same as those 

for the future site resident with respect to soil. In addition, the hypothe:tical future site worker 

scenario assumed continuous exposure to surface soil conditions. Uniform exposure was assumed 

for all sample locations. Table 10.13.17 presents the justification for exposure pathways assessed 

in this HHRA. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI. UCLs were calculated for data sets consisting of at least 

10 samples. UCLs were calculated for surface soil and sediment COPCs a t  the DMA as presented 

in Table 10.13.18. Because the UCLs exceeded the maximum concentrations, the maximum 

concentrations were applied as EPCs for aluminum and chromium. 

Quantification of Exposure 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.13.19 and 10.13.20, 

respectively. 
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Table 10.13.17 
Exposure Pathways Summary 

DMA 

Potentially Exposed Medium and Pathway Selected 
Population Exposure Pathway for Evaluation? Reason for Selection or  Exclusion 

Current  Land Uses 

Current  Users Air. Inhalation of gaseous No Fate and transport screening did not identie 
(Site Workers) contaminants emanating from any COPCs for this indirect expsure  

soil a d  sediment pathway. 

Air, Inhaladon of chemicals 
entrained in fugitive dust 

No This exposure pathway was comidered 
insignificant compared to the other pathways. 

Sballow groundwater, No Shallow groundwarcr is not currently used as a 
Ingestion of Contaminants source of potable or non-residential waler at 
during potable or genera1 use AOC 685. 

Shallow groundwater. 
Inhalation of volatilized 
groundwater contaminants 

No Shallow groundwater is not currently used as a 
source of potable or  non-residentiat water at 
AOC 685. 

Soil and Sedimenr, Incidental No (Qualified) Future site use is considered conservatively 
ingestion representative of current receptors. 

Soil and Sediment, Dermal No (Qualified) Furure site use is considered conservatively 
contact re~resentative of current rece~iors. 

Future Land Uses 

Future Site Air. Inhalation of gaseous No Fate and transport screening did not identify 
Residents (Child contaminanls emanating from any COPCs for this indirect exposure 
and Adult), Future soil and sediment pathway. 
Site Worker 

Air, Inhalation of chemicals 
entrained in hgitive dust 

Shallow groundwater. 
Ingestton of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of vola~ilized 
contaminants during domestic 
use 

Soil and Sediment. Incidental 
ingestion 

Soil aod Sediment, Dermal 
contact 

Wild game or domestic 
animals, Ingestion of tissue 
impacted by media 
contamination 

Yes 

Yes 

No 

This exposure pathway was considered 
insignificant compared to the other pathways. 

Fate and transport screening did nor identify 
any COPCs for this indirect exposure 
pathway. 

Fate a d  transport screening did not identify 
any COPCs for t h s  indirect exposure 
pathway. 

COPCs were identified subsequent to risk- 
based and background screening comparisons. 

COPCs were identified subsequent to risk- 
based and background screening comparisons. 

Huntingltaking of game and/or ra~sing 
livestock is prohibited within the Charleston. 
South Carolina, city limits. 

Fruits and vegetables, No The potential for significant exposure via this 
Ingestion of plant tissues pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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10.13.10.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.13.21 

presents toxicologicaI information specific to each COPC identified at the DMA. This information 

was used in the quantification of riskfhazard associated with soil contaminants. Brief toxicological 

profiles for each COPC are provided in the following paragraphs. 

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 

ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 

of other elements within the gastrointestinal tract and can alter intestinal function. Aluminum may 

interfere with the absorption of essential nutrients and cholesterol. Another effect on the 

gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part of 

the neuro-muscular system controlling bowel muscles. (The effect could explain why 

aluminum-containing antacids often produce constipation and indicates that aluminum could affect 

the uptake of other chemicals.) Aluminum dust is moderately flammable and explosive in heat. 

Inhaling this dust can cause fibrosis (aluminosis) (Klaasen, et al., 1986; Dreisbach, et al., 1987). 

No data are available on an applicable SF or the USEPA cancer group. The USEPA Region IV 

Office of Health Assessment suggested using the provisional oral RfD of 1.0 mglkg-day. The 

aesthetic-based secondary MCL (SMCL) for drinking water is 50 to 200 uglL. 

Chromium exists in two stable, natural forms: CrIII and hexavalent CrVI. Acute exposure to 

chromium can result in kidney damage following oral exposure or damage to the nasal mucosa and 

septum foIlowing inhalation exposure. Chronic inhalation exposure to CrVI has resulted in kidney 

and respiratory tract damage, as well as excess lung cancer in both animals and humans following 

occupational exposure. Only CrVI is thought be carcinogenic by inhalation (IRIS). Oral RfD 

values for CrIfI and CrVI are 1.0 and 5E-03 (mgtkg-day), respectively. For CrVI, the RfD is 

based on liver toxicity in rats. For CrVI, the RfD is based on unspecified pathological changes 
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observed in rat studies. In addition, CrVI is considered a group A carcinogen for inhalation 

exposures, and an inhalation SF of 41 (mg/kg-day)" has been established for the hexavalent form. 

Vitamin supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical 

effects were observed for Crm. The uncertainty factor was 100 and the modifying factor was 10. 

As listed in IRIS, no critical effects were observed for CrVI. The uncertainty factor was 500 and 

the modifying factor was 1. 

10.13.10.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil and sediment onsite was evaluated under both future residential and 

industrial (site worker) scenarios. For these scenarios, the incidental ingestion and dermal contact 

exposure pathways were evaluated. For noncarcinogenic contaminants evaluated for future site 

residents, hazard was computed separately to address child and adult exposure. Tables 10.13.22 

and 10.13.23 present the computed carcinogenic risks and/or HQs associated with the incidental 

ingestion of and dermal contact with site surface s o h ,  respectively. 

Hypothetical Site Residents 

The computed hazard indices for the aduIt and child resident were 0.08 and 0.7, respectively, for 

the soil ingestion pathway. The dermal contact pathway hazard indices were 0.02 and 0.05 for 

the adult resident and the child resident, respectively. 

Future Site Workers 

The hazard indices for both pathways were less than 0.1 for the site worker. 

COCs Identified 

USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a hazard index 

threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative hazard 

10.13.70 
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index above 1 .O, if its individual ILCR exceeds 1E-06 or its hazard quotient exceeds 0.1. For 

carcinogens, this approach is relatively conservative, because a cumulative risk level of 1E-04 (and 

individual ILCR of 1E-06 is recommended by USEPA Region IV as the trigger for establishing 

COCs. The COC selection algorithm presented was used to a more comprehensively evaluate 

chemicals contributing to carcinogenic risk or noncarcinogenic hazard during remedial goal 

development. As shown on Table 10.13.24, no COCs were identified at the DMA. 

10.13.10.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly conservative and would tend to <overestimate exposure. 

Residential use of the site would not be expected, based on current site uses. Current reuse plans 

call for continued nonresidential use of Zone I. If this area were to be used as a residential site, 

surface soil conditions would likely change - the soils could be covered with landscaping soil 

and/or a house. Consequently, exposure to current surface soil conditions is possible under a 

future residential scenario. These factors indicate that exposure pathways assessed in this HHRA 

would generally overestimate the risk and hazard posed to current site workers and future site 

residents. 

Determination of Exposure Point Concentrations 

The exposure point concentration was set equal to the maximum detected concentration. Using 

the maximum concentrations as the EPCs represents a conservative assunlption for calculation of 

the chronic daily intake of COPCs at the DMA. 
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Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Of the CPSSs screened and eliminated from formal assessment, none was reported within 

approximately 10% of the RBC. This minimizes the likelihood of potentially significant 

cumulative risWhazard based on the eliminated CPSSs. Although the future land use at this site 

is unknown, both the future worker and residential exposure scenarios were assessed in this 

HHRA. As previously discussed, these scenarios would likely lead to overestimates of risk and/or 

hazard. 

10.13.10.7 Risk Summary 

The risk and hazard posed by contaminants at the DMA were assessed for the hypothetical future 

site worker and the hypothetical future site resident under reasonable maximum exposure 

assumptions, For surface soils and sediment, the incidental ingestion and dermal contact pathways 

were assessed in this WRA. No COCs were identified for this site. Table 10.13.23 presents the 

risk summary for each pathwaylreceptor group evaluated for the DMA. 

10.13.11 Corrective Measures Considerations for Dredged Materials Area 

Based on the analytical results and the human health risk assessment for the DMA, no COCs have 

been identified. Risk to human health from COPCs was evaluated for surface soils and sediment 

under both the future residential and industrial (site worker) scenarios for incidental ingestion and 

dermal contact. Hazard was evaluated for noncarcinogenic contaminants through incidental 

ingestion and dermal contact scenarios as well. 
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As recommended by SCDHEC, a COC is considered to be any chemical contributing to a I 

cumulative risk level of IE-06 or greater and/or a cumulative hazard index above 1 .O. Based on 2 

these criteria, no chemical was identified as a soil or sediment pathway COCs for the DMA. 3 

Therefore, no further action is required based on the analytical results and risk assessment. 4 
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10.14 Grid-Based Sampling 

To characterize background conditions across Zone I, as required by the Final Zone I RFI Work 

Plan (E/A&H, February 1995), systematic grid-based soil and groundwater sampling was 

performed. Usable data from those well pairs near AOCs or SWMUs were incorporated into the 

appropriate site-specific assessments if it appeared that the grid-based monitoring wells had been 

impacted by site activities. If the SWMU or AOC had no impact on its associated grid-based pair, 

the well pair was used to determine background levels used in the site-specific evaluations for soil 

and groundwater. 

10.14.1 Soil Sampling and Analysis 

The Final Zone I RFI Work Plan (E/A&H, February 1995) proposeti 18 upper-interval soil 

samples and 18 lower-interval samples. Fifteen upper-interval and six lower-interval samples were 

collected. Three upper-interval samples were not collected due to standing in water at the 

proposed locations. Samples were collected from the locations shown or\ Figure 3.1 (Section 3). 

Lower-interval samples were not coilected at 12 locations due to a water table less than 5 feet bgs; 

saturated samples were not submitted for analysis. Samples were collected for organotins and the 

standard suite of parameters. which includes VOCs, SVOCs, metals, cyanide, pesticides, and 

PCBs. Table 10.14.1 summarizes soil sampling and analysis of the grid-based locations. 

Table 10.14.1 
Grid-Based Sampling 

Soil Samphg Summary 

Sample Analvses Comments 

I 02/16/95 Upper - 15 (18) Stardard Suite, Surface war in sampling locations 
0211 7195 Lower - 6 (18) Organor~ns prevented collection of 3 

uppcl-intend soil samplcs. Twelve 
lower-interval samples were not 
colIcefcd due to a water table at iess 
than !i feet bgs. 

Duplicate - l Apwndix IX 

2Voier: 
( ) = Parentheses indicate number of samples proposed. 
Standard Suite = VOCs. SVOCs, metals, cyanide, pest~cides. and PCBs at DQO Level 111. 
Append~x IX = Standard suite, plus hex-chrome. dioxins, herbicides. and OP pesticides at DQO Level IV. 
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10.14.2 Nature and Extent of Chemicals in Soil 

Organic compound analytical results for soil are summarized in Table 10.14.2. Inorganic 

analytical results for soil are summarized in Table 10.14.3. Table 10.14.4 summarizes all analytes 

detected in the grid based borings. Appendix D contains a complete analytical data report for all 

grid-based samples collected in Zone I. 

Additionally, the following grid-based borings are discussed in the listed AOC and/or SWMU 

nature and extent of chemicals in soil subsection: 

Boring 
GDISBO 15 
GDISBO14 
GDISBO 13 
GDISBO 10 
GDISB008 
GDISB002 
GDISBO 16 

* AOC 678/679 and AOC 681 discussions are not included in this RFI submittal but will be 
submitted as an addendum to this report. 

Table 10.14.2 
Grid-Based Localions 

Organic Compound Analytical Results for SOU Olglkg) 

Number of 
Samples 

Sampling Detection Detection RBC (upper) Exceeding 
Parameter Interval Frequency Ranp Mean SSL (lower) RBC or SSL 

Volatile Organic Comaounds 

Acetone Upper 5/15 22.0 - 62.0 48.2 780,000 0 
Lower 416 42.0 - 110 63.7 8,m 0 

Toluene Upper 7115 2.0 - 40.0 8.28 1 . 6 0 0 . ~  0 
Lower 5/6 2.0 - 21.0 7.6 6.000 0 

Semivolatile Organic Compounds 

1-Methy lnaphhlene Upper 1/15 99.0 99.0 3 1O.fMO 0 
Lowcr 016 ND ND 72.000 0 

2-Methylnaphthalene Upper 1/15 60.0 60.0 310.000 0 
Lower 016 ND ND 230.000 0 
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Table 10.14.2 
Grid-Based Loeations 

Organic Compound Analytical Results for Soil (ug/Lg) 

Number of 

Sampling Detcelion Detection RBC (upper) Exceeding 
Parameter lntewd Frequencv Rmae Mean SSL (lower) RBC or SSL 

Anthraccnc WPer 0118 ND ND 2 , ~ . ~  0 
b w c r  116 160 16Q ~ . ~ . ~  0 

UPptr 5/15 4.34 - 66.3 19.8 87 0 
Lower 1 /6 78.4 78.4 1 0 

Bemo(a)anthracene Upper 2/15 43.0 - 59.0 51.0 87 0 
Lower 116 130 130 1.600 0 

Upper 1/15 50.0 50.0 87 0 Bemo(a)pyrene 
Lower 116 52.0 52.0 4,Oo 0 

B e m o ( b ) f l u o r a ~  Upper 41 15 81.0 - 97.0 89.5 870 0 
Lower 1 16 120 120 2,500 0 

Benzo(k)fluoranthem 

Chrysene 

Benzoic acrd 

bis(2-Ethylhexyl)phr.halau 

Butylbenzy lphthalatc 

DGn-butylphrhalatc 

Fluoranrhene 

Phenanthrtne 

Py rene 

Upper 
Lower 

Upper 
Lowcr 

Upper 
Lowet 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

'Jl'IJer 
Lower 

Upper 
Lower 

PesticidesIPCBs 

AmIor- 1260 UPPr z/ls 23.0 - 29.0 26.0 320 0 
Lower 016 ND ND 1.000 0 

Upper 4/15 11.0 - 37.0 20.5 2.700 0 
Lower 216 12.0 - 76.0 44.0 8,000 0 

Upper 8/15 5.0 - 390 86.6 1,wO 0 
Lower 116 32.0 32.0 27.000 0 

Upper 5/15  6.70 - 53.0 20.7 1.900 0 
Lower 016 N D ND 16,000 0 

Aldrin U P F ~  1/15 2.00 2.00 38 0 
Lower Of6 ND ND 230 0 
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Table 10.14.2 
Grid-Based Locations 

Organic Compound Analytical Results for Soil bglkg) 

Number of 
Samples 

Sampling Detection Detection RBC (upper) Exceediag 
Parameter Interval Frequency Ronat Mean SSL (lower) RBC or SSL 

Chlordane Upper 2/15 2.20 - 41.0 21.6 1.800 0 
Lower 016 IUD ND ~ . m  0 

Dieldrin Upper 0115 ND ND 40 0 
Lower 116 8.30 8.30 2 1 

Endosulfan 1 

Eadosulfan I1 

Endosulfan sulfate 

Endrin 

Endnn aldehyde 

Heptachlor 

Heptachlor epox~de 

Methyloxychlor 

beta-BHC 

delta-BHC 

Upper 1115 1.70 1.70 47,000 0 
Lower 016 ND ND 9.000 0 

Upper 
Lower 

Upper 
Lower 

U P P ~ ~  
Lowcr 

Upper 
Lower 

Upper 
Lower 

Upper 
Lower 

upper 
Lower 

Upper 
Lower 

Upper 
Lower 

Dioxins 

TEQs Upper 1 I1 1.82E-5 1.828-5 4.3E-3 0 
Lower N A N A N A 1.6 0 

OCDD Upper 111 1.19E-2 1.19E-2 4.3 0 
Lower N A N A N A 1080 0 

1234678-HpCDD Upper 111 6.3E4 6.3E-4 0.43 0 
Lower N A N A N A 108 0 

Notes: 
a = Non-carcinogens were adjusted to equate to a hazard quotient of 0.1 
b = Calculated from method described in USEPA Inrerim Supplemenral Guidance m RAGS: H w ~ n  Health Risk Assessment. Bulletin 2. 

November 1995 
NA = Not applicable 
ND = Not DetectedNone Detected 
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Table 10.14.3 
Grid-Bored Locations 

Inorganic Analytical Results for Soil (mglkg) 

Number of Samples 
Detection Detection RBC (upper) Exaecdiag RBC 

Parameter Sample Interval Frequency Range Mean SSL (lower) or SSL 

Alum~num (Al) U P F ~  15/15 3,470 - 27,400 12,825 7.m 9 
Lower 616 4.590 - 19,300 9.468 5 60,000 0 

Arsenic (As) Upper 14/15 0.46 - 19.7 6.36 0.43 13 
Lower 516 0.88 - 6.30 3.84 I5 0 

Barium (Ba) UFWr 15/15 7.8 - 1 ,180 104 55-0 I 
Lower 6/6 9.5 - 29.8 18.0 820 0 

Beryllium (Br) Upper 8/15 0 34 - 0.95 0.671 16 0 
Lower 416 0.33 - 0.68 0.48 32 0 

Cadmrum (Cd) UPP~ 5/ 15 0.13 - 0.61 0.39 7.8 0 
tower 116 0.48 0.48 4 0 

Chrom~um (Cr) U P P ~  r 15/15 7.5 - 268 44.0 39 6 
Lower 616 7.6 - 41.2 26.9 19 4 

Cobalt (CO) Upper 10115 0.64 - 5.8 3.98 470 0 
Lower 316 2.1 -3.9 2.73 990 0 

Copper (Cu) Upper 15/15 2 4 - 556 59.1 3 10 o 
Lower 616 1.2 - 12.4 5.75 5,600 0 

Lead (Pb) Upper 15/15 5.0 - 203 51.6 400 0 
Lower 616 3.1 - 11.2 6.15 400 0 

Manganese (Mnl Upper 15/15 15.1 - 419 155 160 7 
Lower 616 8.6 - 131 59.1 480 0 

Mercury (Kg) Upper 8/15 0.13 - 0.47 0.242 2.3 0 
Lower 016 ND ND I 0 

N~ckel (NI) Upper 14/15 1 5  - 18.1 9.86 160 0 
Lower 516 3.3 - 16.1 9.18 65 0 

Selemum (Se) Upper l l l l5  0.5 - 1.1 0.84 39 0 
Lower 516 0.59 - 1 .d 1.01 2.6 0 

Sdver (Ag) Upper 1/15 1 5  1.5 39 0 
Lower 016 ND ND 17 0 

Tm (Sn) Upper 7115 0.98 - 7 5 3.15 4,700 0 
Lower 016 ND ND 5,500 0 

Vanad~urn (V) UPV r 15/15 8.5 - 53.3 27.1 55 0 
Lower 616 10.5 - 35.2 19.1 3.000 0 

Zinc (Zn) Upper 15/15 5.9- 150 53.4 2.300 0 
Lower 616 4.7 - 34.3 18.1 6,200 0 

Notes: 
NA = Not AppllcableINot Avarlable 
ND = Not DetectedINot Determined 
NL = Not L~sted 
mglkg = rn~ll~grams per k~logram 
See Table 5.6 for lnorgaiuc element screerung concencratlons and then sources. 
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Volatile Organic Compounds in Soil 1 

Acetone and toluene were detected in grid based soil samples. Neither exceeded the RBC or SSL. 2 

Semivolatile Organic Compounds in Soil 3 

Fifteen semivoIatile organic compounds were detected in grid-based soil samples. None exceeded 4 

the RBC or SSL 5 

Pesticides and PCBs in Soil 

Sixteen pesticides were detected in the grid-based soil samples. None exceeded the RBC or SSL. 

Aroclor-1260 was detected in only two grid-based soil samples, both below the RBC and SSL. 

Other Organic Compounds in Soil 

Dioxins were only analyzed in one grid-based soiI sample (GDISB006). In accordance with recent 

ouidance, TEQs were calculated for this sample. The calculated TEQ was well below the RBC. 2 

Inorganic.. in Soil 

Seventeen metals were detected in grid-based soil samples. As noted previously, this data was 

used to calculate surface and subsurface soil background values for the Zone I soils. 

10.14.3 Groundwater Sampling and Analysis 

The Final Zone I RFI Work Plan (E/A&H, February 1995) proposed 18 shallow and 18 deep 

grid-based monitoring wells. Nineteen shallow and 19 deep grid-based wells were installed. The 

additional deep grid-based pair was installed at the end of the peninsula to characterize any 

potential discharges to the Cooper River and Shipyard Creek. Well locations are shown on 

Figure 3.2 (Section 3). As proposed in the Final Zone I RFI Work Plan (E/A&H, February 1995), 

groundwater samples were collected for TDS, chloride, sulfate and the standard suite of 
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metals, cyanide, pesticides, and PCBs at DQO Level 111. Organotin samples were also collected. 

Dioxins samples were collected from five shallow wells and five deep wells. Six samples were 

duplicated and submitted for Appendix IX parameters at DQO Level IV. Table 10.14.5 

summarizes the grid-based groundwater sampling. 

10.14.4 Nature and Extent of Chemicals Detected in Groundwater 

Table 10.14.6 summarizes the organic analytical results for shallow groundwater, Table 10.14.7 

summarizes inorganic analytical results for shallow groundwater. Table 10.14.8 summarizes all 

analytes detected in the shallow groundwater from the Zone I grid-based wells. Table 10.24.9 

summarizes the organic analytical results for deep groundwater. Tables 10.14.10 summarizes 

inorganic analytical results for deep groundwater. Table 10.14.11 summarizes all analytes 

detected in the deep groundwater from the Zone I grid-based wells. 

The following grid-based well pairs were discussed in greater detail within the site specific nature 

and extent of chemicals in groundwater subsections 

r 2 
177lRTC 
DMA 

Grid-based Well Pairk) 
GDIO 17/ 17D 
GDIO 181 18d 
GDIO15115D 
GDIO14114D 
GDIO13113D 
GDIOlOl lOD 
GDI008/08D 
GDI007107D 
GDI00 1/01 D , GDI002/02D, GDI003/03D, GDIW4/04D, 
GDI019/19D, GDHOlO/lOD, GDNOL 111 ID 
GDI003/03d 
GDIO 161 16D 
GDI00 1 101D through GD1008/08D 

* Note that specific discussion on AOC 6781679 and AOC 681 are not included in this RFI 
submittal but will be presented as an addendum to this report. 
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Table 10.14.5 
G rid-Based Locations 

Groundwater Sampling Summary 

Sampling 
Round Sampling Date Wells Sampled Sample Analyses Comments 

1 05/23/95 GD1001/01D Standard Suite. Eighteen grid-well pairs were planned. An 
05124195 through Organotins. TDS, additional grid pair was installed to characterize 
06/01/95 GDi019119D Sulfates. Chloride. arty potential discharge to the Cooper River and 
06/02/95 Dioxins Shipyard Creek. 
06/06/95 
06/07/95 
06/08/95 
W09I95 

12105195 GDIOOllOlD Standard Suite. 
12/06/95 through TDS. Sulfate, 
12/08/95 GDI019119D Chloride 
1211 1/95 
12/12/95 
12/13/95 
12/15/95 

051151% GDlOOllOlD Standard Suite, 
05/16/% through TDS, Sulfate. 
05/20/% GD1019t 19D Chloride 
051211% 
05/22/% 
05/23/96 
051241% 
05/28/% 
05/29/% 
05130/% 
0513 11% 

081 19196 GD1001/01D Standard Sui~e. 
081201% through TDS. Sulfate. 
0812 1196 GD1019/19D Chloride 
081221% 
081231% 
08/26/96 
08/27/96 
081281% 
08/29/96 
08/30/% 
09/04/96 
09/10196 

5 0411 4/98 GDIOWl07D SVOCs 
04/15/98 GD1008/08D Metals 

GD1013113D 

6 08/19/98 GD1007107D VOCs 
08120l98 GD1008108D SVOCs 

Note: 
a = Standard sulte includes VOCs. SVOCs, metals. cyanide, pesticides, and PCBs. 
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Table 10.14.6 
Grid-Based Locations 

Organic Compound Analytical Results for Shallow Groundwater (ugll.) 

Number of Samples 
Sample Dettction Tapwater Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBCIMCL RBC or MCL 

Volaffle Organic Compounds 

I .  I - D i c h l o r o e ~  First 1119 2.0 2.0 80iNA 0 
Seeond 1/19 1 .O 1.0 0 
Third Of19 ND ND N A 
Fmnh 0119 ND ND N A 
F i f h  010 ND ND N A 
Six& 013 N A N A N A 

4-Methy I-2-Pentanone First 0119 ND ND 290lNA N A 
IMIBK) Second 0119 ND ND N A 

Third 0119 ND ND N A 
Fourth 1119 4.0 4.0 0 
Fifth 010 N A N A N A 
Sixth 013 ND ND NA 

2-Butanone First 0119 N D ND 190lNA N A 
Second 2/19 3.0 - 3.0 3.0 0 
Third 0119 ND ND N A 
F w d  Off9 ND N D NA 
Fifth 010 N A N A N A 
Sixth 013 ND ND N A 

1.2-Dichloroethane First 0119 ND ND 0. I;!/$ N A 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Founh 1/19 2.0 2.0 0 
Fifth 010 N A N A N A 
Sixth 013 ND ND N A 

1.2-Dichforoethene First 1119 2.0 2 .O 5.51IrIA 0 
(total) Second 1119 7.0 7 .O 0 

Third 1119 5.0 5.0 0 
Fwnh 1/19 4.0 4.0 0 
Fifth 010 N A N A N A 
Sixth 113 2.0 2.0 0 

1,1,2,2- First 0119 ND ND 0.053tNA N A 
Tetrachlorocthane Second 0119 ND ND N A 

Tliird 0119 ND ND N A 
Fourth 1/19 1 .O 1.0 0 
Fifth 010 N A N A N A 
Sixth 013 ND ND N A 

Acetone First 6/19 7.0 - 60.0 19.0 370n'IA 0 
Second 2/19 10.0 - 64.0 37.0 0 
Third 2119 5.0 - 4800 2402 1 
Fwnh 01 19 ND ND N A 
Fifth 010 N A N A N A 
Sixth 013 ND N D N A 
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Table 10.14.6 
Grid-Based Locations 

Orgauic Compound Analytical Results for SbaIlow Groundwater bg/L) 

Number of Samnles . r--- 

Sample Detection TapWater Exceeding Lower of 
Parameter Round Frequency Detection Range Meau RBCIMCL RBC or MCL 

Carbon Disulfide First 1119 9.0 9.0 lOOlNA 0 
Second 0119 N D  N D N A 
Third 4119 1 .O - 13.0 4.38 0 
Founh 1119 3 .O 3.0 0 
Fifth 010 N A N A N A 
Sixth 013 ND NA N A 

Chlorobenzene First 1119 2.0 2.0 3.51NA 0 
Second 0119 h'D ND N A 
Third 0119 ND ND N A 
Founh 0119 ND ND N A 
Fifth 010 N A NA N A 
Sixth 013 ND ND N A 

Ethylbenzene First 1/19 3.0 3.0 1301700 0 
Second 1/19 2.0 2 .0 0 
Third 01 19 ND ND N A 
Fourth 0/19 ND ND N A 
Fifth 010 NA N A N A 
Sixth 01 3 ND ND N A 

Methylene chloride First 0119 N D ND 4.1tNA N A 
Second 2/19 27.0 - 28.0 27.5 0 
Third 0119 N D ND N A 
Founh Oil9 N D ND NA 
Fifth 010 N A N A N A 
Sixth 013 N D  N D N A 

Tetrachloroethene Firsr 1119 4.0 4.0 1.115.0 1 
Second 1\19 I .O 1 .0 0 
Third 0119 ND ND NA 
Founh 1119 4.0 4.0 1 
Fifth 010 N A N A N A 
Sixth 013 ND ND ND 

Toluene Firsr 0119 ND ND 7511000 N A 
Second 4/19 2.0 - 9.0 3.75 0 
Third 0119 N D ND N A 
Founh 0119 ND ND N A 
Fifth 010 N A N A N A 
Sixth 013 ND N D  N A 

Tdchloroethene First 1119 6.0 6.0 1.615.0 1 
Second 1119 4.0 4.0 1 
Third 1119 10.0 10.0 1 
Fourth 1119 12.0 12.0 1 
Fifth 010 N A N A N A 
Sixth 013 ND ND NA 
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Table 10.14.6 
Grid-Based Lacations 

Organic Compound Analytical Results for Shallow Groundwater hgllL) 

Number of Samples 
W p l e  Detection TapWater Exceeding Lower of 

Parameter RBCMCL RBC or MCL 

Xylenc (Total) First 1119 6.0 6.0 1,2OO/lO.oaO 0 
Sdcond 2/19 2.0 - 10.0 6.0 0 
Third 1119 2.0 2.0 0 
Fourth O/t9 ND ND NA 
Fifth 010 NA N A N A  
Sixth 0/3 ND ND N A  

Semivolatile Orgauic Compwndp 

l-Methyl naphthalene First 2119 6.0 - 10.0 8.0 ISOINA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 
Fifth 013 ND ND N A 
S~xth 013 ND ND N A 

2.4-Dimethylpherml First 0119 ND ND 73MA N A 
Second 2119 1.0 - 6.0 3.5 0 
Third 0119 ND ND NA 
F w n h  1119 2.0 2.0 0 
Fiftfi 013 ND ND N A 
Sixth 013 ND ND N A 

?-Methyl naphthalene First 2/19 1 .O - 9.0 5.0 150INA 0 
Second 2/19 5.0 - 7.0 6.0 0 
Third 1/19 2.0 2 .0 0 
Founh 1/19 2.0 2.0 0 
Fifth 013 ND ND N A 
Sixrtr 013 ND N D N A 

3-Methylphenol First 1/19 19.0 19.0 1801NA 0 
(m-cresol) Second 0119 ND ND N A 

fhird 0119 ND N D  N A 
Fourrh 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

4-Methylphenol (p First 1/19 19.0 19.0 18INA 0 
cresol) Second 1119 3 .O 3.0 0 

Third 0119 ND ND N A 
Fourth 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 N D ND N A 

1,2,3,4- First 1119 1 .O 1.0 0.18JNA 0 
Tetrachlorobenzene Second 0119 ND ND N A 

Third 0119 ND ND N A 
Founh 01 19 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 
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Table 10.14.6 
Grid-Based Locations 

Organic Compound AnalyticaI Results for Shallow Groundwater kg&) 

Number of Samples 
Sample Detection TapWnter Exceeding Lower of 

Parameter Round Frequency Detection Rnoge Mean RBClMCL RBC or MCL 

1.2.4- First 1/19 4.0 4.0 19170 0 
Trichlorobenzene Second 0119 ND ND N A 

Third 0119 ND ND N A 
Founh 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

2.4.6-Trichlomphcno1 First 13/19 ND ND 6.11NA N A  
Supnd 1119 2.0 2.0 0 
Third 0119 ND ND N A 
Fwnh 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

Acenaphrhene Fin; 3/19 2.0 - 10.0 6.33 220lNA 0 
Second 4/19 2.0 - 17.0 8.37 0 
Third 5/19 3.0 - 10.0 5.5 0 
Fourth 61 19 3.5 - 13.0 5.75 0 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

Acetophenone First 3/19 1.0- 1.0 1 .O 0.0042lNA 0 
S c c ~ n d  0119 ND ND NA 
Third 0119 N D ND N A 
Founh 0119 N D ND N A 
Fifth 013 ND N D N A 
Sixth 013 ND ND N A 

First ill9 2.0 2.0 15,OOOlNA 0 
Second 3/19 1.0 - 2.0 1.67 0 
Third 6119 1.0 - 3.0 1.83 0 
Fourth 5119 1.0 - 2.0 1.20 0 
Fifih 013 ND ND N A 
Sixth 013 ND ND N A 

Diethyhylphthalatc First 1/19 2.0 2.0 2.900lNA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 
Fifth 013 ND ND N A 
Sirth 013 ND ND N A 

Di-n-butylphthalate First 1/19 3.0 3 .0 370lNA 0 
Second 1/19 1 .O 1 .O 0 
Third 0119 ND ND N A 
Founh 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 



Zone I RCRA Faciliy Investigation Repon 
Charleston Naval Compler 

Section 10 - Site-Specific Evaluarion 
Revision: 0 

Table 10.14.6 
Grid-Based Locations 

Organic Compound Analytical Results for Shallow Groundwater (ugll.) 

Number of Samples 
Sampl~ Detection Tapwater Exceeding Lower of 

Parmeter Round Frequency Detection Range Mean RBClMCt RBC or MCL 

Dibenzofuran Firsr 2119 1.0 - 6.0 3.5 2 . 4  NA I 
Second 2119 4.0 - 5.0 4.5 1 
Third 2/19 1.0 - 3.0 2.0 I 
Fwd 1/19 2.0 2.0 0 
Fifth 013 ND ND NA 
Sixth 013 ND ND N A 

Fluorene Fint 2/19 2.0 - 6.0 4.0 1501 NA 0 
Second 3/19 1.0 -6.0 4.33 0 
Third 3119 1.0 -4.0 2.67 0 
Fourth 3/19 2.0 - 4.0 3.0 0 
Fifth 013 N D ND N A 
Sixth 013 N D ND N A 

Naphthalene First 2/19 23.0 - 28.0 25.5 1 50l:NA 0 
Second 4/19 2.0 - 93.0 31.5 0 
Third 3\19 3.0- 31.0 13.3 0 
Founfi 3\19 6.0-  15.0 1.7 0 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

Prnachlorophenul First 0119 ND ND 0.5611.0 N A 
Second 1119 1 .O 1 .O I 
Third 0119 N D ND N A 
Fourth 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

Phenanlhrefle First 1/19 9 .O 9.0 1 IOJNA 0 
Second 2/19 1 .O - 4.0 2.5 0 
Third I /  19 3.0 3 .O 0 
Fourth 1/19 2.0 2.0 0 
Fifth 013 ND ND N A 
Sixth 013 ND ND N A 

bis-(2- First 1/19 15.0 15.0 4.81PIA 1 
Ethylhexyl)phthalate Second 0119 ND ND N A 

Third 2/19 2.0 - 11.0 6.5 1 
Fourth 0119 ND ND N A 
Fifth 013 ND ND N A 
Sixth 013 ND N D N A 

Pesticides and PCBs 

Aroclor- 1260 First 1119 1.3 1.3 0.03310.5 1 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND NA 
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Table 10.14.6 
Grid-Based h a t i o n s  

Organic Compound Analytical Results lor Shallow Groundwater (uglL) 

4.4'-DDT 

Dieldrin 

Endosulfan 11 

Number of Samples 
Sample Detection Tapwater Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBCIMCL RBC or MCL 

4.4'-DDE Fint 1/19 i .50 1.5 0.2lNA 1 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

First 1119 14.0 14.0 0.2INA 1 
Scwnd 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND NA 

First 1/19 5.1 5.1 0.0042lNA 1 
Second 0119 N D ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

First 1/19 1.6 1.6 22lNA 0 
Second 0119 ND ND N A 
Third 0119 ND N D N A 
Fwrfh 0119 ND N D N A 

EnJosul fan sulfate First 1/19 2.1 2.1 22lNA 0 
Second 0119 ND ND N A 
Third 0119 N D ND N A 
Fourth 0119 ND ND N A 

Endrin Aldehyde First 1119 1.7 1.7 1.112.0 1 
Second 0119 ND ND N A 
Third 0119 ND ND NA 
Founh 0119 ND ND N A 

Hrplachlor First 1/19 0.0015 0.0015 0.0023/0.4 0 
Second 0119 N D ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

Mettiyl parathion First 1/19 0.24 0.24 0.911NA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

Parahon First 1119 0.17 0.17 22lNA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

Beta-BHC First 4/19 0.022 - 7.1 1.82 0.037/NA 2 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fourrh 0119 ND ND N A 
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Table 10.14.6 
Grid-Based Locatiom 

Organic Compound Aldyticnl Results for Shallow Groundwater (uglL) 

Number of Samples 
Sample Detection Tapwater Exceeding Lowet of 

Parameter RBCMCL RBC or MCL 

gamma-BHC First 1119 0.62 0.62 0.052/0.2 1 
(Lindane) Second 0/19 ND ND N A 

Third 0119 ND ND N A 
Fourth 0119 ND ND N A 

First 8/19 7.57E08 - 9.708-7 4.65E-7 4.5E-413,OE-2 0 
Second 4/19 8.9E-9 - 8.92B-8 6.6E-7 0 
Third 3/19 3.56E-8 - 1.768-6 l.llE-6 0 
Fwnh 4119 3.298-9 - 4.32E-6 1.1186 0 

1234678-HpCDD First 4/19 2.67E-6 - 4.4984 3.75E-6 4.5E-ZINA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
F ~ u n h  1119 1 .OE-5 I .OE-5 0 

1234678-HpCDF Fin; 7/19 1.9386 - 3.69E-5 1.03E-S 4.5EUNA 0 
S w n d  3/19 3.NlE6 - 7.4656 5.89E4 0 
Third 3/19 3.56E-6 - 4.19E-5 2.908-5 0 
F ~ u n h  2/19 8.088-6 - 8.ME-5 4.41E-5 0 

123478-HxCDF Fint 0119 ND ND 4.5E-3lNA N A 
Second 0119 ND ND N A 
Third 2/19 1 .OSE-5 - 1.3 1 E-5 1.19E-5 0 
Fourth 0119 ND ND NA 

123678-HxCDD First 0119 N D  ND 4.5E-3/NA N A 
Semnd 0/19 ND ND N A 
Third 0119 ND ND N A 
Fourth 1/19 6.348-6 6.34E-6 0 

123678-HxCDF Fin; 0119 ND ND 4.5E-3/NA NA 
Second 0119 ND ND N A 
Third 0119 ND ND N A  
Fourth 1/19 8.48-6 8.4E-6 0 

First 3/19 2.9384 - 4.928-6 3.88E6 4.5E-.3/NA 0 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
Fwrth 011 9 ND ND N A 

Fint 0119 ND ND 4.5E-3/NA N A 
Second 0119 ND ND N A 
Third 0119 ND ND N A 
FOUII~ 1/19 8.54E-6 8.548-6 0 

OCDD First 8/19 8.75E-6 - 4.32E-5 2.068-5 4.X-1 0 
Second 4/19 6.54E-6 - 4.22E-5 1.65E-5 0 
Third 1/19 1.948-5 1.94E-5 0 
F ~ n h  3/19 3.29E-6 - 3.28E-5 2.22E-5 0 
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Table 10.14.6 
Grid-Based Locations 

Organic Compound Analytical Results for Shallow Groundwater (ugiL) 

Number of Samples 
Smpie Detection TapWater Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBClMCL RBC or MCL 

OCDF First 71 19 1.55E-6 - 1 . M E 4  2.45E-5 4.5E-1/NA 0 
Second 3/19 6.08E - 8.23E-6 7.0486 0 
Third 2/19 2.92E-5 - 3.48-5 3.168-5 0 
Fourth 2/19 7.688-6 - 1.53E-4 R.03E-5 0 

Notes: 
NA = Not ApplicablelNot Available 
N D  = Not DetectediNot Determined 
NL = Not Listed 
dg/L = micrograms per liter 
See Table 5.5 for inorganic screening concentrations and their sources. 
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Barium (Ba) 

Table 10.14.7 
Grid-based Locations 

Inorganic Analytical Results for Shallow Groundwater (pg/L) 

Number of Samples 
Detection Tapwater Exceeding Lower of 

Parameters RBCIMCL RBC or MCL 

Alumurn (AI) First 3/19 341 - 1190 66 1 3.7001NL 0 
Second 911 9 38.9 - 1550 274 0 
Third 6/19 25.1 - 814 182 0 
Founh 5/19 32.1 - 1440 352 0 
FiW 113 543 543 0 
Sixth 113 141 141 0 

Antimony (Sb) First 0119 ND ND 1.5t6.0 0 
Secord 1/19 5.5 5.5 I 
Third 5/19 3.1 -6 .1  4.2 5 
Founh 1/19 8.4 8.4 I 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

Arsenic (As) First 6/19 6.4 - 22.9 14.3 0.045150 5 
Second 8/19 9.8 - 66.3 21.7 8 
Third 11/19 2.9 - 33.5 13.7 I 1  
Fourth 9/19 3.8 - 46.2 15.6 9 
Fith 113 9.0 9.0 1 
Sixth 213 6.5 - 23.9 15.2 2 

First 19/19 7.1 - 278 61.2 260/:2,OOO 1 
Second 19/19 2.5 - 147 47.6 0 
Third 8/19 12.6 - 163 45.6 0 
FOU& 19/19 4.8 - 153 52.9 0 
Fifth 213 24.9 - 54.2 39.5 0 
Sixth 213 23.9 - 56.2 40.1 0 

Beryllium (Be) First 0119 ND ND 7.314 0 
Second 2119 1.0- 1.1 1.05 0 
Third 6119 0.73 - 1.2 0.968 0 
Fourth 2/19 0.32 - 0.46 0.39 0 
Fifth 013 ND ND 0 
Sixth 01 3 ND ND 0 

Cadmlum (Cd) First 2/19 0.43 - 0.76 0.595 1 .I315 0 
Second 1/19 2.3 2.3 0 
Third 0119 ND ND 0 
Founfi 0119 ND ND 0 
Fifth 113 0.45 0.45 0 
Sixth 013 ND ND 0 

Chromium (Cr) First 13/19 1.1 - 8.1 3.71 18llOO 0 
Second 5/19 1.0 - 3.4 1.91 1 
Third 7/19 0.94 - 23.8 5.21 0 
Fourth 8/19 0.9 - 14.3 4.31 0 
Fifth 013 ND 0 
Sixth 313 12.1 - 22.7 16.1 0 

Cobalt (Co) First 6/19 0.66 - 2.1 1.10 220!NL 0 
Second 1/19 4.2 4.2 0 
Third 0119 ND N D 0 
Fourth 1119 2.2 2.2 0 
Fifth 213 1.0 - 1.3 1.15 0 
Sixh 013 N D ND 0 
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Cyanide (CN) 

Lead (Pbl 

Mercury (Hg) 

Nickel ( N i )  

Selenium (Se) 

Table 10.14.7 
Grid-based Locations 

Inorganic Analytical Results for Shallow Groundwater (pg/L) 

Number of Samples 
Detection Tapwater Exceeding Lower  of 

Parameters Sample Round Frequency Detection Range Mean RBCIMCL RBC or MCL 

Copper (Cu) First 6/19 1.2 - 3.2 1.85 150/1.300 0 
Second 1/19 4.4 4.4 0 
Third 211 9 1.6 - 5.2 3.4 0 
F0~n.h 0119 ND ND 0 
Rfm 013 ND ND 0 
Sixth 013 ND ND 0 
First 4lt9 15.6 - 35.2 24.5 731200 0 

Second 0119 ND ND 0 
Third 2/19 4.7 - 5.4 5.05 0 
Founh 2119 3.0 - 16.7 9.85 0 
Fifth 013 N D ND 0 
Sixth 013 ND ND 0 

First 16/19 1.9 - 15.6 4.78 15115 1 
Sc~ond 2119 4.0 - 15.7 9.85 1 
Third 1119 4.7 4.7 0 
Fourth 3119 2.1 - 13.0 6.43 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

Manganese (Mn) First 19119 23.4 - 4525 818 731NL 17 
Second 19/19 36.6 - 3560 906 17 
Third 18/19 41.7 - 3230 814 16 
Fourth 19119 46.2 - 3560 602 17 
Fifth 213 1240 - 2550 1895 2 
Sixth 313 126 - 1480 775 3 
First 0119 ND ND 1,112 0 

Second 1119 1.1 1.1 1 
Third Of19 ND ND 0 
Fourth 1/19 0.12 0. I2 0 
Fifth 013 N D ND 0 
Sixth 013 ND ND 0 

First 11119 1 . 5 - 4 9  3.3 731100 0 
Second 13/19 1.0 - 16.3 3.57 0 
Third 7119 1.3 - 12.8 5.44 0 
Fourth 10119 1.0 - 11.6 4.56 0 
Fifth 113 9.7 9.7 0 
S ~xth 013 ND ND 0 

First 0119 ND ND 18/50 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 
Fifth 013 ND ND 0 
Sixth 113 26.7 26.7 1 

Silver (Ag) First 0119 ND ND 181NL 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 2/19 1.3 - 4.6 2.95 0 
Fifth 013 ND N D 0 
 SIX^ 013 ND ND 0 



Zone I RCRA Facility Investigation Reporr 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluation 
Revision: 0 

Tin (Sn) 

Table 10.14.7 
Grid-based Locations 

Inorganic Analytical Results lor Shallow Groundwater (pg/L) 

Number of Samples 
Delection Tapwater Exceeding Lower of 

Parameters Sample Round Frquency Detection Range Mean RBCIMCL RBC or MCL 

Thallium (TI) First 0119 ND ND 0.2612 0 
Second 5119 5.4 - 7.5 6.26 5 
Third 4/19 2.8 - 5.5 3.7 4 
F ~ r t h  214 3.5 - 4.1 3.8 2 
Fifth 0 0  ND ND 0 
Sixth 013 ND ND 0 

First Of19 ND ND 2,200INL 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Founh 4/19 2.7 - 3.3 3.05 0 
Fifth (113 ND ND 0 
Sixth 013 ND ND 0 

Vanadium (V) first 14/19 0.44 - 10.9 3.10 261NL 0 
Swrbd 16/19 1.2 - 18.8 4.22 0 
Third 6119 1.3 - 8.3 4.58 0 
Fourth 6/19 2.35 - 13.9 7.68 0 
Fifih 013 ND ND 0 
Sixth 013 ND ND 0 

Zinc (Zn) First 19/19 7.1 - 53.4 16.1 1.100/NL 0 
Secoml 4119 4.1 - 11.1 6.55 0 
Third 0119 ND 0 
F O U ~  5/19 10.0 - 24.4 16.7 0 
Fifth 113 24.5 24.5 0 

Motes: 
NA = Not ApphcableINot Ava~lable 
ND = Not Dctected/Nol Deterrn~ned 
91 = Not L~stcd 
.,g/L = micrograms per I~ter 
See Tdble 5 6 for lnorgaruc scrernlbg concentrations and their sources. 
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Zone I RCRA Facility Investigation Repon 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluation 
Revision: 0 

Table 10.14.9 
Grid-Based Loeations 

Organic Compound Analytical Results for Deep Groundwater (~tglL11 

Number of Samples 
Sample Deteaian TapWattr Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBC/hlCL RBC or MCL 

2 -Butanone First 0119 ND ND IWINA 0 
Second 1/19 2.0 2.0 0 
Third 1/19 4.0 4.0 0 
Fourth 0119 ND ND 0 
Fifth 010 N A N A 0 
Sixth 01 3 ND ND 0 

Acetone 

Benzene 

Carbon Disulfide 

First 2119 21.0 - 27.0 24.0 370tNA 0 
Second 0/19 ND ND 0 
Third 0119 ND ND 0 
F d  1119 30.0 30.0 0 
Fifrh 010 N A N A 0 
Sixlh 013 N D ND 0 

First 0119 N D ND 0.36lii.O 0 
Second 1119 1 .O 1 .O I 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 
Fifth 010 N A N A 0 
Sixrh 013 ND ND 0 

First 2/19 1.0 - 1.0 1 .O 100fiIA 0 
Second 1119 8.0 8.0 0 
Third 2119 1.0 - 2.0 1.5 0 
Fourth ill9 1 .O I .O 0 
Fifth 113 0.95 0.95 0 
Sixth 013 ND ND 0 

Chloroethane First 2/19 5.0 - 6.0 5.5 3.6lNA 2 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 1119 200 200 0 
Fifth 010 N A N A 0 
Sixth 013 ND ND 0 

Metfiylenr chloride Firsr 1119 3 .O 3.0  4.1INA 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Founh 0119 ND ND 0 
Fifth 010 N A N A 0 
Sixth 013 ND ND 0 

Toluene First 0119 ND N D 7511,000 0 
Second 1/19 1 .O 1 .O 0 
Third 0/19 N D ND 0 
Fourth 0119 N D ND 0 
Fi fih 010 N A N A 0 
Sixth 013 ND ND 0 



Zone I RCRA Facility Investigarion Reporr 
Charleston Naval Complex 
Secrion 10 - Sire-Specific Evaluations 
Revision: 0 

Table 10.14.9 
Grid-Bwd Lmatiom 

Organic Compound Analytical Results for Deep Groundwater bg/L) 

Number of Samples 
Sample Detection Tapwater Exceeding Lower of 

Parameter Rwad Frcquencv Detection Range Mean RBClMCL RBC or MCL 

Xylcne (Total) First 0119 ND ND 1.200/10,000 0 
Second 1119 2.0 2.0 0 
Third 0119 ND ND 0 
Founh 0119 ND ND 0 
Fifth 010 N A N A 0 

2-Methyphenol Firsr 1/19 50.0 50.0 1801NA 0 
(0-Cresol) Second 1/19 44.0 44.0 0 

Third 1/19 3.0 3.0 0 
Fourth 1/19 43.0 43 .O 0 
Fifth 013 ND NO 0 
Sixth 013 ND ND 0 

2.4-Dimethylphenol First 1/19 5.0 - 5.5 5.25 731NA 0 
Second 1/19 8 .O 8.0 0 
Third 1/19 2.0 2.0 0 
Fourtf! 1/19 11.0 11.0 0 
Fifth 013 ND ND 0 
Sixth 0/3 ND ND 0 

Benzoic acid First 0119 ND ND 15,0001NA 0 
Second 8/19 1 .O - 10.0 2.75 0 
Third 9/19 1.0 - 7.0 2.33 0 
Fourth 6119 1.0 - 5.0 1.83 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

Benzyl Alcohol First 1/19 83.0 83.0 1 .lWNA 0 
Second 0119 ND ND 0 
Third 0119 ND NO 0 
F d  0119 H D  ND 0 
Fifth W 3  ND ND 0 
S i  013 ND ND 0 

Diethylphthalatc First 0119 ND ND 2.9001NA 0 
Secord 5/19 2.0 - 2.0 2.0 0 
Third 0119 ND ND 0 
Fourth 0/19 ND ND 0 
Fifth 013 ND ND 0 
Sixth 013 ND NO 0 

Buty I knzylphthalate First 0119 ND ND 730/NA 0 
Semld 1/19 5.0 5.0 0 
Third 0/19 ND ND 0 
Founh 0119 ND ND 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 



Zone I RCRA .Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Site-Specific Evaluation 
Revision: 0 

Table 10.14.9 
Grid-Based Locations 

Organic Compound Analytical Results for Deep Groundwater &g/L) 

Number of Samples 
SPmple Detection Tapwater Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBClMCL RBC or MCL 

Phenol First 0119 ND ND 2.2001:YA 0 
Scc~nd 2119 7.0 - 23.0 15.0 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

his-(2-Ethylhexyl) First 0119 ND ND 4.8tNA 0 
phlhalate Second 1119 380 380 0 

Third 1/19 I .O 1 .O 0 
Fourth 01 19 ND ND 0 
Fifth On ND ND 0 
Sixtb 013 ND ND 0 

Pesticides and PCBs 

Aroclor-1260 First 1/19 1 .O 1 .0 0.03311YA 0 
Sefond 01 19 ND ND 0 
Third 0119 ND ND 0 
Founh 0119 N D ND 0 

Firu 1119 0.078 0.078 0.0039/NA 1 
Second Of 19 ND ND 0 
Third 0119 ND ND 0 
Fourth 01 19 ND ND 0 

Heptachlor First 1119 0.31 0.31 0.0023/0.4 1 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 

Alpha-BHC First 1119 0.38 0.38 O.Oll/lrlA I 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Founh 0119 ND ND 0 

Beta-BHC Firsr 3/19 0.052 - 290 96.7 0.03711rlA 3 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND N D 0 

Delta-BHC Fint 0119 ND ND 0.037iIrlA 0 
Second 1/19 0.4 0.4 1 
Taird 0119 ND ND 0 
Fourth 0119 ND ND 0 

gamma-BHC First 2/19 0.178 - 0.19 0.184 0.05210.2 2 
(Lindane) Second 0119 N D ND 0 

n i r d  01 19 ND ND 0 
Founh 0119 N D ND 0 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 
Section 10 - Site-Specijic Evaluations 
Revision: 0 

Table 10.14.9 
Grid-Bmed Locations 

Organic Compound Analflical Resulls for Deep Groundwater @g/L) 

Number of Samples 
S m p k  Detection Tap-Water Exceeding Lower of 

Parameter Round Frequency Detection Range Mean RBCIMCL RBC or MCL 

First 1/19 0.02 
Sccond 0119 ND 
Third 0119 ND 
Fourth 0119 ND 

2,4,5-TP (silvex) First 1119 0.021 0.021 29/50 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 

Dioxins 

TEQs First 7/19 1.698-8 - 7.278-7 4.756-7 4.5E-4/3.OE-2 0 
Sc~old 21 19 l.27E-8 - 1.67E-8 1.47E-8 0 
Third 3/19 3.51E-8 - 1.6786 6.318-7 0 
Fourth 0119 ND ND 0 

1234678-HpCDD First 4119 1.40E-6 - 3.498-6 2.58B-6 4.5E-21NA 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 

1234678-HpCDF First 5119 1.31E-6 - 1.1 IE-5 5.318-6 4.58-2lNA 0 
Second 0119 ND ND 0 
Third 3119 3.51E-6 - 4.038-5 2.1OE-5 0 
Fourth 0119 ND ND 0 

1234789-HpCDF First 1/19 3.51E-6 3.51E-6 4.5E-21NA 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 

12378-HxCDF First 0119 ND ND 4.5E-31NA 0 
Second 0119 ND ND 0 
Third 1119 1.218-5 1.2lE-5 0 
Founh 0119 ND ND 0 

123789-HxCDF First 6/19 2.4086 - 5.6E-6 4.648-6 4.5B-3lNA 0 
Second 01 19 ND ND 0 
Third 0119 ND ND 0 
Founh 0119 ND ND 0 

Firsr 7/19 4.86 - 16.9 10.7 
Second 1119 9.51 9.51 
Third 1/19 17.3 17.3 
Fwnh 0119 ND ND 



Zone i RCRA Faciiiry Investigation Repon 
Charleston Naval Complex 

Section 1'0 - Sire-Specific Evaluation 
Revision: 0 

Table 10.14.9 
Grid-Based Locations 

Organic Compound Analytical Results for Deep Groundwater bgiL) 

Number of Samples 
Sample Detection TapH'ater Exceeding Lower of 

Parameter Rwnd Frequencv Detection Range Mean RBCIMCL RBC or MCL 

OCDF First 4119 1.1 - 27.5 15.4 4.5E-ltNA 0 
Second 2/19 7.17 - 12.7 9.94 0 
Third 1119 35.9 35.9 0 
Fourth 0119 ND ND 0 

.Votes: 
NA = Not ApplicableINot Avatlable 
ND = Not DetectedlNot Dettrmtned 
L = Not L~sted 
..g/L = rnlcrograms per l~ter 
See Table 5 . 5  for inorganrc screening concentrations and thelr sources. 



Zone I RCRA Facility Investigation Report 
Charleston Naval Compler 
Section 10 - Site-Specific Evaluations 
Revision: 0 

Table 10.14.10 
Grid-bwd Locations 

inorganic Analytical R d t s  for Deep Groundwater @g/L) 

Number of Samples 
Detection Tapwater Exceeding Lower of 

Parameters Sam Ie Round F uencv Detection Ran e Mean RBCIMCL P ml . g R B C o r M C L  
Glumimun (Al) R~st 0119 ND ND 3.700/NL 0 

Antimony (Sb) 

Arsenic (As) 

Barium (Ba) 

Beryllium (Be) 

Cadmium (Cd) 

seuud 6/19 29.0 - 235 105 0 
Third 3/19 31.4 - I04 59.9 0 
F O U ~  2119 35.5 - 62.3 48.9 0 
Fifth W3 ND ND 0 
Sixm 013 ND MI 0 
First 0119 ND ND 1.516.0 0 

Secord 1119 4.5 4.5 1 
'n~ird 3/19 5.4 - 6.1 5.77 3 
Founh 0119 ND ND 0 
Fifth 113 9.2 9.2 I 
S ixdr 013 ND ND 0 

First 1\19 14.2 14.2 0.045/50 1 
Sofond 3/19 5.2 - 13.3 8.57 3 
Third 5/19 3.5 - 11.9 6.62 5 
Fourth 3119 2.6 - 24.8 10.2 3 
Fifth 113 7.4 7.4 1 
Sixth 213 2.2 - 2.4 2.3 2 
First 18119 35.7 - 942 186 26012.000 4 

SecOnd 19119 27.7 - 763 133 1 
Third 11/19 37.9 - 691 149 0 
F o u ~ ~  19/19 27.7 - 475 118 0 
Fifth 213 167 - 168 1 68 0 
Sixth 313 98.7 - 168 1 34 0 

First 0119 ND ND 7.314 0 
S ~ C O ~  8/19 1.0 - 1 2 1.06 0 
Third 4/19 0.83 - 1.0 0.9 0 
Fourth 2119 0.87 - 1.0 0.935 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

F~tst 2119 0.3 - 0.3 0.3 1.815 0 
Second 1119 2.5 2.5 0 
Third 0119 ND ND 0 
Fourth 1119 2.0 2.0 0 
Fifth 213 0.4 - 0.75 0.575 0 
Sixth 113 2.0 2.0 0 

Chrornlum (Cr) Firn 13/19 0.94 - 6.8 2.43 181 100 0 
Second 4/19 1.1 - 2.0 1.52 0 
Third 6/19 1.1 -5.0 2.72 0 
Fourth 7/19 1.4- 11.7 5.76 0 
Fifth 013 ND ND 0 
S ~ t h  213 17.5 - 49.5 33.5 0 

Cobalt (Co) Fimt 6/19 0.66 - 1.3 0.W 22OlNL 0 
Second 0119 ND ND 0 
Third 2119 2.3 - 2.4 2.35 0 
Founh 0119 ND ND 0 
Fifth 113 3.6 3.6 0 
S~xth 013 ND ND 0 



Zone I RCRA Facility Investigation Report 
Charleston Naval Complex 

Section 10 - Siv-Specific Evaluation 
Revision: 0 

Table 10.14.10 
Grid-based Loutions 

Inorganic And jical Results for Deep Groundwater Gg/L) 
Number of Samples 

Detrccion Tapwater Exceeding Lower of 
Parameters Sample Round Frqucncv Detection Range Mean RBCIMCL RBC or MCL 

Copper (CuI First 5/19 0.79 - 4.2 1.86 150/1,300 0 
Second W19 ND ND 0 
Third 2/19 0.99 - 4.3 2.64 0 
Fwnh 1119 15.4 15.4 0 
Fifth 013 ND ND 0 
Suth 013 ND ND 0 

Cyanide (CN) First 4/19 23.1 - 329 1M 731200 1 
Second 4/19 7.8 - 16.6 11.6 0 
Third 113 6.0 6.0 0 
Fourth 0119 ND ND 0 
Fi frh 013 N D ND 0 
Sixth 013 ND ND 0 

Lead (Pb) First 619 2.2 - 26.2 7.35 15115 1 
Sccond 1/19 8.9 8.9 0 
Third 0119 ND ND 0 
Fourth 2l19 3.6 - 51.4 27.5 1 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

Manganese (Mn) First 19/19 0.42 - 302 137 73/PiL 13 
Second 14/19 11.8 - 261 127 9 
Third 14119 3.3 - 690 169 10 
Fourth 14/19 0.99 - 261 120 9 
Fifth 013 ND ND 0 
Sixth 213 24.7 - 29.8 27.3 0 

Mercury (Hg) Fint 0119 ND ND 1.11'2 0 
Second 3/19 0.21 - 1.9 0.803 1 
Third 0119 ND ND 0 
Fourth 0119 ND ND 0 
Fifth 013 ND ND 0 
S hth 013 ND ND 0 

Nickel (Ni) First 9/19 1.4 - 454 53.2 731100 I 
Second 2/19 2.2 - 3.2 2.7 0 
lhird 2/19 0.95 - 3.8 2.38 0 
Fourth 6/19 0.87 - 10.1 3.54 0 
Fifth 013 ND ND 0 
Sixch 013 ND ND 0 

Selenium (Se) F i  01 19 ND ND 18Ri0 0 
Second 0119 ND ND 0 
Third 0119 ND ND 0 
Fouroh 1/19 5.9 5.9 0 
Fifth 013 ND ND 0 
Sixth 013 ND ND 0 

Thallium (TI) First 0119 ND ND 0.2612 0 
Second 9/19 5.1 - 8.6 6.03 9 
Third 3/19 4.2 - 7.1 5.5 3 
Fourth 4119 3.1 - 15.4 7.58 4 
Fifth 013 ND N D 0 
Sixth 013 ND ND 0 



Zane I RCRA Faciliry Invesrigation Report 
Charleston Naval Complex 
Section I 0  - Si re-Specific Evaluarions 
Revision: 0 

Table 10.14.10 
Grid-based Locations 

Inorganic Analytical Results for Deep Groundwater @g/L) 

Detection 
Number of Samples 

Tapwatcr Exceedine Lower of 
Parameters Sam p le Round F lug uencv . Detection Ran g e Mean ~ C M C L  RBC& MCL 

Tin (Sn) First 7/19 115 - 365 272 2.200INL 0 

Vanadium (V) 

Zinc (Zn) 

Secoad 0119 ND ND 0 
Third 0119 ND ND 0 
F O U ~  3/19 3,l - 3.7 3.3 0 
Fifth 113 7.0 7.9 0 
Sixth 013 ND ND 0 
First 7/19 1.4 - 5.6 3.44 261NL 0 

Second 10119 1.5 - 10.6 4.15 0 
Third 6/19 0.95 - 15.7 6.36 0 
Fourth 8/19 1.4 - 8.7 7.15 0 
Ftfth 013 ND ND 0 
Sixth 113 14.8 14.8 0 

First 13/19 6.95 - 116 26.3 I ,  lOOML 0 
Secand 0119 ND ND 0 
Third 01 19 ND ND 0 
Founh 0119 ND ND 0 
Fihh 013 ND ND 0 
Sixth 013 ND ND 0 

Notes: 
NA = Not Applicable/Not Available 
NO = Not DetectedINot Determined 
NL = Not Listed 
pg/L = micrograms per liter 
See Table 5.6 for inorganic screening concentrations and their sources. 
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Revision: 0 

Organic Compounds in Groundwater 

Fifteen VOCs were detected in grid-based shallow groundwater samples and eight in deep 

groundwater samples, 

Semivolatile Organic Compounds in Groundwater 

Nineteen SVOCs were detected in grid-based shallow groundwater samples and nine SVOCs in 

deep groundwater samples. 

Pesticides and PCBs in Groundwater 

Nine pesticides were detected in grid-based shallow groundwater samples and six pesticides in 

deep groundwater samples. Pesticides were detected in only one round of sampling in both the 

shallow and deep samples and were not duplicated in subsequent sampling rounds. 

Aroclor-1260 was detected in the first round from one sample in both the shallow and deep 

groundwater. There were no other detections of PCBs in the grid-based wells. 

Herbicides 

There were two detections in the grid-based shallow groundwater samples from the first round. 

The detections were not seen in subsequent rounds, There were also two herebicides detected in 

the deep groundwater samples in the first round. Again, these were not detected in subsequent 

rounds. 

Other Organic Compounds in Groundwater 

TEQs were calculated for both shallow and deep groundwater samples. All calculated TEQs were 

well below RBCs. 



Zone I RCRA F a c i l i ~  Invesrigarion Repon 
Chariesron Nova1 Complex 
Section 10 - Sire-Specific Evalrtarions 
Revision: 0 

Inorganics in Groundwater 1 

Twenty metals were detected in grid-based shal1ow groundwater samples. These detections were 2 

used to calculate shallow groundwater background values for Zone 1. Nineteen metals were 3 

detected in grid-based deep groundwater samples. These detections were used to calculate deep 4 

background values for Zone I. 5 

10.14.5 DPT Samples in Groundivatet 

,4s a result of VOC detections in grid-based well GDI'B1 I,  fiue DPT gmndwatet samples were 

collected around this well point. The DPT sample locations are shown on Figure 1.3 {Setion 1). 

The five DPT groundwater samples were analyzed for VOCs only. Ody three VOCs were 

detected in the DPT groundwater samples: rnethylene chloride (8.0 ,uglL) in GDfOP002 and 

acetone (4.0 pg/L) and carbon disulfide (1.0 pg/L) in GDIGP005. The results of the DPT 

sampling did not confirm the presetice of a contaminant plume in the area-of GDIol l/l ID, but 

rather indicate that the detections seen in GDIOl f are a hot-spot or a sample anomafy. 


